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Application No. 09/724,953 

Amendment Under 37 CFR 1.116 dated December 29, 2003 
Response to Final Office Action mailed July 25, 2003 

REMARKS/ARGUMENTS 

After entry of this amendment, claims 11,14, 16, 18, 19, 21-25, 58-71 are 
pending. Claims 11, 14, 16, 18, 19, 21-25, and 59-71 are under consideration, claims 1-10, 12, 
13, 15, 17, 20, and 26-57 having been canceled, and new claims 59-71 having been added. 

The term "preventing" has been replaced with "prophylaxis" in the claims. 
Previous claim 1 1 referred to "treating" and "preventing" in the same claim. Because 
"prophylaxis" is a noun and 'treating" is a verb, it is grammatically awkward to refer to both in 
the same claim. Accordingly, treating and prophylaxis are now claimed in two independent 
claims 1 1 and 59, respectively. New independent claim 59 corresponds to claim 11. Claims 60- 
69, which depend from claim 59, correspond to claims 11, 14, 16, 18, 19, and 21-25, 
respectively. Support for new claims 70 and 71 is provided at e.g., p. 50, line 11. Support for 
prophylaxis is provided at e.g., p. 51, lines 17-19. Applicant addresses the Examiner's comments 
using the paragraph numbering of the office action. 

Tf2. As noted in the previous response, the restriction requirement is moot in view 
of amendments to the claims. 

Iff 13-27. The Examiner maintains the rejection of claims 11, 14, 15, 18, 19, 21- 
25 under 35 USC 112, first" paragraph. The Examiner alleges the claims are enabled only for 
treatment of Alzheimer's disease comprising administering AB42. Although many of the 
previous bases for rejection have been withdrawn, it appears that three principal issues remain, 
which will be addressed in turn. 

First, the Examiner alleges that "prevention" means an "all or nothing" effect 
rather than a lowered incidence of disease or alleviation of symptoms (ff 15-18). In the context 
of preventive medicine, it is submitted that a regime does not have to achieve complete and total 
stoppage of disease in every patient to be considered a preventive treatment. Nevertheless, to 
speed prosecution, applicants have replaced reference to prevention in the claims with 
"prophylaxis." 
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Second, the Examiner alleges that the evidence provided in the last response (i.e., 
the declaration of Martin Koller M.D., M.P.H.) does not show that the claimed method would 
have any effect on Down's syndrome, hereditary cerebral hemorrhage, sporadic cerebral amyloid 
angiopathy or inclusion body myositis or Down's syndrome. 

Insofar as the Examiner is alleging the human clinical testing is required for 
indications other than Alzheimer's disease analogous to the clinical trials described for 
Alzheimer's disease in the Koller declaration, it is submitted that too high a standard of 
enablement is being imposed. "Title 35 does not demand that such human testing occur within 
the confines of Patent and Trademark Office (PTO) proceedings." In re Brana, 34 USPQ2d 
1436, 1442 (Fed. Cir. 1995). The burden is on the PTO to show lack of enablement, not for the 
applicant to prove enablement. In re Marzocci, 169 USPQ 367, 370 (CCPA 1971). If the 
evidence is in "equipoise," an inventor is "entitled to a patent." In re Oetiker, 24 USPQ2d 1443, 
1447 (Fed. Cir. 1992) (Plager, J., concurring). 

Here, the Examiner has not addressed the explanation provided in the last 
response and amplified below why the claimed methods would be expected to have activity 
against other diseases characterized at least in part by similar pathology to Alzheimer's disease, 
i.e., amyloid deposits of AB. In each case, one would expect that induced antibodies to A/3 
would act to prevent further deposition of AjS and/or clear existing deposits. In each case, one 
would expect that inhibiting or clearing the underlying pathology would have a similar effect on 
clinical symptoms of disease that result from the underlying pathology. 

The other diseases mentioned by the Examiner are characterized at least in part by 
similar pathology to Alzheimer's disease (see, e.g., for Down's syndrome, Hyman, Prog. Clin. , 
Biol. Res., 379, 123-42 [1992]; and Brugge et al, Neurology, 44, 232-8 [1994]; for hereditary 
cerebral hemorrhage with amyloidosis-Dutch type see, e.g., Rozemuller et al., Am. J. PathoL, 
142 [5], 1449-57 [1993]; for inclusion body.myositis see, e.g., Askanas et al., Am. J. Pathol, 
141 [1]:3 1-36 [1992]; and, for familial cerebral amyloid angiopathy see, e.g., Revesz et al., Brain 
Pathol, 12, 343-57 (2002) (copies of which are attached). In the case of Down's syndrome, for 
example, the similarity in pathology with Alzheimer's disease can be explained by the trisomy of 
chromosome 21 on which the gene encoding amyloid precursor protein resides. Extra 
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production of this protein due to the extra copy of the gene can lead to extra production of its 
proteolytic processing product A/3 and hence deposition in to plaques {see Hyman). Because 
Down's syndrome and other cognitive impairment are characterized at least in part by similar 
pathology {i.e., amyloid deposits of A/3), the skilled person has reason is reason to expect that a 
treatment that is effective against Alzheimer's disease is also at least somewhat effective against 
Down's syndrome. The same expectation applies to other diseases having similar pathology. 

It is immaterial that some of the above diseases may have additional pathologies 
not susceptible to treatment by the claimed methods. For example, in Down's syndrome, trisomy 
of chromosome 21 may result in additional pathologies besides A/3 deposits. The present 
methods obviously cannot remove the underlying trisomy. However, there is every reason to 
expect that amyloid deposits of A/3 in the brain of a patient contribute to symptoms of disease in 
Down's syndrome as they do in Alzheimer's disease, and that treatment that reduces 
accumulation or inhibits further accumulation of these deposits in a Down's syndrome patient 
would be of benefit to the Down's patient as to the Alzheimer's patient. The claims as presently 
formulated do not require that the treatment completely eradicate or completely prevent the 
disease. Thus, it is immaterial that there may be some components of Down's syndrome or other 
disease characterized by amyloid deposits of A/3 may remain after treatment. Rather, it is 
sufficient that the methods result in some benefit in some of these patients. 

Third, the Examiner alleges that the specification does not provide guidance or 
examples that would enable use of fragments other than A/342 fl|24). The Examiner alleges that 
deletions, insertions or substitutions of amino acids can lead to structural and functional changes 
in biological activity and immunological properties (citing to Skolnick & Fetrow and Jobling & 
Holmes). The Examiner alleges that biological function and immunological recognition are 
unpredictable properties which must be experimentally determined. The Examiner also says that 
for small peptides, conjugation appears to be required for promoting an effective immune 
response. 

Insofar as the Examiner is alleging the methods are enabled only for A/342 
because this was the only agent tested in clinical trial described in the Roller declaration, he is 
again applying too high a standard of enablement. As discussed above, human clinical testing is 
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not needed for enablement of a therapeutic method, and particularly not a separate human 
clinical trial for each agent encompassed by the method. The PDAPP mouse model used in the 
Examples of the specification is an accepted model of Alzheimer's disease as discussed at length 
in the previous response. The Examiner apparently agrees with this position (office action at 
119), yet has not addressed the evidence provided by this model regarding selection of 
appropriate agents (see previous response at pp. 21-22). 

Although the Examiner lists the Wands factors relevant to enablement, he appears 
to give undue emphasis to the alleged unpredictability of mutations on protein structure and 
function. The effect of mutations may in some instances be unpredictable, but this is not 
detrimental to enablement if it can be determined which agents have the desired effect by even a 
considerable amount of experimentation that is routine or based on the guidance of the 
specification. 

[Experimentation needed to practice the invention must not be 
undue experimentation. The key word is 'undue, 1 not 
'experimentation,' The determination of what constitutes undue 
experimentation in a given case requires the application of a 
standard of reasonableness, having due regard for the nature of the 
invention and the state of the art. . .The test is not merely 
quantitative, since a considerable amount of experimentation is 
permissible, if it is merely routine, or if the specification in 
question provides a reasonable amount of guidance with respect to 
the direction in which the experimentation should proceed. 

In re Wands, 8 USPQ2d 1400, 858 F.2d 731, 737 (Fed. Cir. 1988). 

The issue in Wands was whether the specification of the Wands patent enabled production of a 
class of antibodies having IgM isotype and a binding affinity of at least 10 9 M' 1 using Kohler 
Milstein technology. As the Examiner is aware, Kohler Milstein technology is a classical 
technique that involves individualized screening of hybridomas to identify a subset with desired 
binding characteristics. Until the hybridomas have been screened, it is unpredictable which will 
have the desireci characteristics. Nevertheless, the court found that "practitioners of this art are 
prepared to screen negative hybridomas in order to find one that makes the desired antibody" 
(858 F.2d at 740). The Wands patent was held to be enabled. 
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Here, the specification provides considerable guidance as to which fragments 
have the desired activity, and how to screen additional agents for the desired activity. First, the 
specification describes an example (see Example IV at p. 75 etseq.) in which A/31-5 was shown 
to reduce A/3 deposits in the cortex at statistically significant levels. Second, the specification 
provides data that three different monoclonal antibodies binding to epitopes 1-5, 3-6 or 3-7 
bound to and phagocytosed amyloid deposits (see Example XI at p. 95 et seq.). One would 
expect that N-terminal fragments including epitopes 1-5, 3-6 or 3-7 would generate antibodies 
having similar specificity to the monoclonals found to induce phagocytosis amyloid deposits, 
and would therefore achieve similar results. Third, a related application published as WO 
00/72880 1 provides data mapping the epitope specificity of antibodies induced by immunization 
with A/31-42 (see Example XVII at p. 101 et seq.). The data indicate the most of the antibodies 
bind to epitopes within A/31 -1 1. Collectively, these experiments show that fragments containing 
N-terminal epitopes can achieve a clearing response against amyloid deposits in similar fashion 
to A/342. 

Further, other fragments could be screened using the same methods and same 
endpoints. The number of fragments of A/3 is not infinite and because many of the various 
possible fragments of beta amyloid peptide have overlapping sequences, the key regions of 
peptide needed for pharmacological activity can be determined by screening only a relatively 
small proportion of the total number of peptides. For example, if it is found that deletion of 20 
amino acids from the C-terminus has no lowering of activity, then one can infer that deletions of 
fewer amino acids from the C-terminus will also not lower activity. Thus, by testing only a few 
of the possible fragments of beta amyloid peptide, one can predict whether any other fragment 
will have pharmacological activity. Other agents could be screened using the same transgenic 
animal model with an initial preliminary screen to show the antibody can elicit antibodies that 
bind to A/3 (see specification at paragraph bridging pp. 3 1-32). 

With respect to carrier molecules, the specification provides general guidance that 
carriers are likely to be required for shorter peptides (see specification at p. 44. lines 5-7). The 
specification also provides particular examples in which A/342 was found to be effective without 
a carrier and A/31-5 with a carrier (see specification at p. 82). With intermediate fragments sizes, 



1 Cited as cite no. 322 in the Supplemental IDS filed on May 27, 2003 for instant application. 
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it would be a routine matter to determine whether a carrier is required. For example, one could 
perform an initial screen with a carrier. If the desired activity is obtained, one could repeat the 
experiment without the carrier to determine whether the carrier contributed to the activity. 

The relevant quanta of permissible experimentation for a genetic claim cannot be 
the aggregate of work required to produce each and every embodiment potentially encompassed 
by the claims. If this were the case, it would never be possible to have a generic claim 
encompassing an unlimited number of species. Such claims have been upheld in numerous 
patents including those in unpredictable arts. See, e.g., Ex parte Mark, 12 USPQ2d 1904 (BPAI 
1989); and, In re Angstadt, 190 USPQ 214 (CCPA 1976). The breadth of claims is relevant only 
insofar as the different species encompassed by the claims require different adaptations of an 
exemplified strategy. See In re Strahilevitz, 212 USPQ 561 (CCPA 1982) ("Although the 
invention is applicable to a large variety of haptens and antigens, the Examiner offered no 
reasons why these compounds would require different techniques or process parameters." Ibid, 
at p. 563 (emphasis supplied). Here, as discussed above, the application discloses a strategy of 
administering an agent and an adjuvant to generate antibodies against AB and thereby reducing 
or effecting prophylaxis of amyloid deposits. The application also provides examples of how 
agents can be screened for the desired activity using a transgenic mouse model. Other agents can 
be identified by routine repetition of the same procedure in the same transgenic model. Routine 
repetition of the same basic procedures to isolate additional agents operating according to the 
same principles to achieve the same results may require considerable experimentation but does 
not constitute undue experimentation. 

1J28. Applicants request deferral of the obviousness-type double patenting issue 
until notification of otherwise allowable subject matter. 
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If the Examiner believes a telephone conference would expedite prosecution of 



this application, please telephone the undersigned at 650-326-2400. 



TOWNSEND and TOWNS END and CREW LLP 

Two Embarcadero Center, Eighth Floor 

San Francisco, California 941 1 1-3834 

Tel: 650-326-2400 

Fax: 650-326-2422 

RLC 




Rosemarie L. Celli 
Reg. No. 42,397 
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DOWN SYNDROME AND ALZHEIMER DISEASE 



B . T . Hyman 
Neurology Service 

Massachusetts General Hospital and Harvard 
Medical School 
Fruit Street 
Boston, MA 02114 

Summary 

The brains of individuals with Down's 
syndrome in their 40' s and 50' s begin to develop 
changes that are otherwise seen only in patients 
with Alzheimer disease. Neurons develop 
neurofibrillary tangles, flame- shaped alterations 
composed mainly of condensed cytoskeletal 
proteins. Another protein, P/A4 amyloid, is 
deposited in large amounts in the form of senile 
plaques and, around blood vessels, amyloid 
angiopathy. With increasing age, Down syndrome 
individuals accumulate more and more of these 
changes . 

Different parts of the brain are affected to 
varying degrees by these two alterations. 
Surprisingly, the pattern of accumulation of 
neurofibrillary tangles and senile plaques is 
characteristic, and follows a predictable pattern. 
We have characterized this pattern in the 
hippocampal formation in a group of Down 
individuals, ages 13-71. Certain specific neurons 
such as those in layer II of entorhinal cortex and 
the CAl/subiculum field of the hippocampus are 
exquisitely vulnerable to tangle formation, and 
are the first neurons to be affected. Perhaps 20- 
30 years pass as the disease process evolves from 
mild to severe pathological changes. 



I 
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One hypothesis for why Down individuals would 199 

be predisposed to developing Alzheimer pathology 100 

is the observation that the gene that encodes the 1 t 

precursor of the amyloid protein is located on ser. 

chromosome 21. An extra copy of this gene, such abc 

as occurs in Down syndrome, may lead to ag€ 

"overproduction" of amyloid, and ultimately to its tar 

accumulation as senile plaques. Experiments to at 

test this hypothesis are now underway. tha 

con 

Introduction sil) 

exc 

Down syndrome, the clinical manifestation of cli 

trisomy of chromosome 21, is a complex of physical wit 

signs that include a spectrum of mental doc 

retardation, congenital heart disease, ext 

dermatoglyphic changes and an early predisposition aut 

to developing the neuropathological and clinical de\ 
features of Alzherimer disease. It is a common . tar 

illness, occurring in approximately 1/1000 live ' (is 

births. As Mann (19 88) has pointed out, the life Dov 

expectancy of an infant with Down syndrome was of 

only 9 years in 1929, whereas now with more in 

aggressive treatment of infectious disease as many pat 

as 7 0% of individuals with Down syndrome can ca£ 

expect to live beyond age 50. A individual with pic 

Down syndrome live longer, it has been recognized pei 

that with increasing age essentially all middle adi 

aged Down individuals develop neurofibrillary coi 

tangles and senile plaques, the neuropathological der 

hallmarks of Alzheimer disease. This review will to 

summarize what is known about the relationship of grc 

Alzheimer, disease and Down syndrome. of 

■ • In 

Clinico- patholo gical correlations i n( 

Als 

Down syndrome and Alzheimer disease are ag« 

closely interrelated. After age 35, essentially ov< 

100% of patients with Down syndrome develop the all 

neuropathological changes of Alzheimer disease , mil 

(Burger and Vogel, 197 3; see Kemper, 1988 for mai 

review). By contrast, in the general population iim. 

neurofibrillary tangles and senile plaques are der 
extremely rare until the mid-50's, and even then 
occur only in small numbers (Arriagada et al., 
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1991) . Wisniewski and colleagues (19 85) examined 
100 brains of patients with Down syndrome who were 
1 to 74 years of age. Neurofibrillary tangles and 
senile plaques were found in 49 of 49 patients 
above the age of 30, and in 7 of 49 below that 
age. Ropper and Williams (1980) found plaques and 
tangles in all 20 cases of Down syndrome, examined 
at ages 30-69 years. It is also well documented 
that middle-aged individuals with Down syndrome 
commonly develop cognitive impairment in a pattern 
similar to that of Alzheimer disease. For 
example, Wisniewski et al . (1985b) provided a 
clinicopathological description of seven patients 
with Down syndrome over the age of 4 0 with 
documented progressive cognitive impairment 
extending from 2.5 to 9 years before death. At 
autopsy, each of these patients was shown to have 
developed severe accumulation of neurofibrillary 
tangles and senile plaques. Lai and Williams 
(1989) prospectively evaluated 96 patients with 
Down syndrome and found an increasing prevalence 
of dementia with age. Functional decline was seen 
in 55% of patients between 50 and 59, and 7 5% of 
patients over 60. Brains from all 12 autopsied 
cases (average age 62) showed large numbers of 
plaques and tangles, in the same locations as 
persons with Alzheimer disease. A study of 50 
adult Down patients with mild mental retardation 
confirmed these figures. The prevalence of 
dementia increased from 0 in the group age 20-29, 
to 33% in the age group 30-39 to 55% in the age 
group 40-52, and all demented patients had signs 
of brain atrophy on CT (Franceschi et al., 1990). 
In our own study (Hyman and Mann, 1991) of 20 Down 
individuals ages 13-71, we found mild to moderate 
Alzheimer neuropathological changes in individuals 
ages 31-50, and marked changes in all individuals 
over age 50. Cognitive decline had been noted in 
all patients over the age of 58 (Table 1). Thus, 
mild or moderate neuropathological changes did not 
manifest as overt loss of cognitive ability, 
implying a presymptomatic stage of Alzheimer- type 
dementia that lasts 20-30 years. 
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Table 1. Characteristics of Down syndrome 
individuals 1 





Age 


Clinical 
Status 2 


Neurooathologv 


DS-l 


13 


ND 


None 


DS-2 


31 


ND 


Mild 


DS-3 


37 


ND 


Mild 


DS-4 


38 


ND 


Mild 


DS-5 


40 


ND 


Mild 


DS : 6 


41 


UNK 


Mild 


DS-7 


42 


ND 


Mild 


DS-8 


47 


ND 


Moderate 


DS-9 


49 


ND 


Mild 


DS-10 


50 


PrD 


Moderate 


DS-11 


52 


UNK 


Marked 


DS-12 


53 


ND 


Marked 


DS-13 


58 


D 


Marked 


DS-14 


59 


D 


Marked 


DS-15 


59 


D 


Marked 


DS-16 


60 


D 


Marked 


DS-17 


60 


D 


Marked 


DS-18 


64 


D 


Marked 


DS-19 


65 


D 


Marked 


PS "20 


71 


D 


Marked 



Adapted from Hyman and Mann, 1991. 

2 D, demented; ND, not demented; PrD, probable 

dementia; UNK, unknown. 

3 As judged by neurofibrillary tangle accumulation 
in the hippocampal formation. 

Patterns of neu r ofibrillary tangl e and senile 
pla gue pathology in Alz heimer disease and Down 
syndrome 

weurof ibri 1 larv tangles . It has been known 
for many years that, neurofibrillary tangles and 
senile plaques preferentially accumulate in some 
areas of the cortex, and other areas tend to be 
spared (Hirano and Zimmerman, 1962; Hyman et al., 
1984; Saper, Wainer and German, 1987; Rogers and 
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Morrison, 1985; Arnold et al . , 1991)- Recently, 
information gained from the study of neural 
connections in experimental animals has been 
applied to the topography of Alzheimer changes, 
allowing a re-analysis of the patterns of 
pathology (Hyman et al., 1984; Van Hoesen and 
Damasio, 1987 for review) . This has led to the 
conclusion that specific sets of neurons, 
particularly projection neurons in defined 
cytoarchitectural fields in the hippocampal 
formation and association cortices, consistently 
develop neurofibrillary tangles (Hyman et al., 
1984; Rogers and Morrison, 1985; Pearson et al . , 
1985; Arnold et al., 1991). Other neurons (for 
example, those in primary sensory or motor 
cortices) are resistent to neurofibrillary tangle 
degenera t i on . 

The population of vulnerable neurons is remarkably 
consistent from case to case. For example, 
neurons that seem to be primarily responsible for 
providing afferent and efferent information to the 
hippocampal formation are severely affected by 
neurofibrillary changes (Hyman et al . , 1984; 1986, 
1990) (Figure 1) . . These include layers II arid IV 
of entorhinal cortex, and the CAl/subicular zone 
of the hippocampus. Other fields, sometimes 
immediately adjacent, are relatively spared. The 
cytoarchitectural fields of the hippocampal 
formation are involved in a consistent 
hierarchical fashion. Our recent semiquantitative 
studies showed that the following order of 
involvement was obeyed in each of- 22 cases of 
Alzheimer disease assessed : Entorhinal cortex 
(layer II) > CA1, Subiculum , EC layer IV > CA3, 
CA4 - > dentate gyrus, presubiculum (Hyman et al. , 
1992). Is this also the case in Down's syndrome? 
Elderly Down syndrome individuals who have 
developed Alzheimer pathology clearly accumulate 
tangles in the same hierarchy and in the same set 
of vulnerable neurons (Ball and Nuttall, 19 80; 
Mann et al., 1986; Hyman and Mann 1991) The 
pattern of tangles in young Down patients has also 
been evaluated from this perspective, and these 
same areas of entorhinal cortex and hippocampus 
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Presubiculum 



Entorhinal Cortex 



Figure 1. Anatomy of the human hippocampal 
formation. The majority of cortical input to the 
hippocampus is received by neurons in the 
entorhinal cortex. From here, the perforant 
pathway projects to the dentate gyrus (DG) . A 
series of sequential intrinsic projections 
initiates from DG to CA3 (mossy fibers) , then CA3 
to CA1 (Schaef f er collaterals) , then CA1 to 
subiculum (ammonic-subicular fibers) . Primary 
output to cortex and limbic structures arises from 
areas CA1 and subiculum (see Hyman et al., 1990 
for review) . 
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appear to be vulnerable (Mann and Esiri, 1988; 
Hyman and Mann, 1991) • 

Significant advances have been made in the ' 
last five years in the biochemistry and molecular 
biology of neurofibrillary tangles. The primary 
identified component of tangles appears to be the 
microtubule associated protein, tau (Grundke-Iqbal 
et al., 1986; Wood et al., 1986 Kosik et al . , 
1986; 1989; Nukina and Ihara, 1986 ; Wischik et 
al., 1988; Kondo et al . , 1988; See Selkoe.1989 
for review) . Tau is a normal cytoskeletal protein 
that in the mature brain is located only in an 
axonal distribution. Its normal function appears . 
to be to play a role in maintenance of neurite 
polarity (Caceres and Kosik, 1990). In Alzheimer 
disease and in Down syndrome (Joachim, 1987 ; 
Flament et al., 1990), tau immunoreact ivity 
appears in the somatodendritic compartment in 
association with neurofibrillary tangles. 
Neurons that contain neurofibrillary tangles 
remain capable of synthesizing tau, and in situ 
hybridization studies have shown that the mRNA for 
tau is present in neuronal soma and proximal 
dendrites (Kosik et al., 1989; Hyman et al . , 
1992)). 

Senile plaques . A similar topographic 

hierarchical distribution can be mapped for 
senile plaques (Hyman et al . , 1986;1992). In the 
Alzheimer hippocampus a discrete hierarchical 
distribution is found with CA1 , Subiculum > 
dentate gyrus (molecular layer) , entorhinal cortex 



1 layer III > CA4, CA3, presubiculum . Moreover, 

e our results suggests that frequently senile 

e plaques and A4 amyloid deposition are found in the 

t terminal zones of degenerating neurons (Hyman et 

A al., 1986; 1990). Immunocytochemical evidence from 

s Dr. Masters' laboratory (Davies et al., 1988) 

3 suggests that A4 amyloid protein is deposited in 

o the brain of individuals in the normal population 

y over the age of 45, and increases in amount over 

m the next one to two decades By age 80, over 80% 

0 of the population had A4 deposition. Thus it 

appears that, in the normal population, A4 
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deposition is one of the earliest manifestations 
of aging or of Alzheimer disease. Of importance 
to understanding the development of Alzheimer 
changes in Down syndrome, the same group has 
reported a similar pattern occurring in Down 
syndrome, but the age when A4 deposition begins is 

three — decades earlier , in the teenage years 

(Masters and Beyreuther, 1988; Mann et al., 1990). 

One major biochemical component of senile 
plaques is the p-A4 amyloid protein, first 
isolated by Glenner and Wong, 1984, and Masters et 
al. 1985. This 4 0 or 42 amino acid hydrophobic 
peptide is derived from amyloid precursor proteins 
(APP) , . a family of alternatively spliced proteins 
of 563, 695,751, or 770 amino acids See Tanzi, et 
al., 1989 for review). The 563, 751,and 770 forms 
all contain an insert of amino acids homologous to 
the Kunitz class of protease inhibitors, and so 
may have a different biological function than that 
of the 695 form (Tanzi et al . , 1988). In situ 
hybridization studies using- autoradiography 
(Bahmanyar et al., 1987; Lewis et al. 1987) have 
shown that neurons contain mRNA for APP, but that 
there is no clear relationship between the 
distribution of neurons that are at risk for 
tangle formation and those that have APP message. 
We have recently shown by both in situ 
hybridization and immunocytochemistry that both 
KPI containing and the 695 forms are present in 
neurons, and both contribute to the dystrophic 
neurit.es present surrounding some senile plaques 
(Hyman et al . , 1992; Tanzi and Hyman, 1992). 
Neurons that contain tangles appear to also show 
APP mRNA (all 4 transcripts) and apparently 
continue to synthesize APP. 

Initial Alzheimer chan ges in Down syndrome . 
Neuropathology examination of young individuals 
with Down syndrome who have died before the fifth 
decade show a few tangles and plaques. According 
to the idea of hierarchical vulnerability, we 
predicted that these first neurofibrillary 
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, ns ^ tangles would occur in neurons in layer II of 

ce entorhinal cortex and the CAl/subicular field- 

er , 

as Preliminary evidence suggests that it is exactly 

wn this population of neurons that tends to develop 

is neurofibrillary tangles at an early age in Down 

rs syndrome (Mann and Esiri,1988; Hyman and Mann, 

1991) . Plaques tend to accumulate in the CA1 and 
subicular fields, and in the molecular layer of 
le ! the dentate gyrus (Hyman and Mann, unpublished) . 

st One clue to the early changes that a cell 

et undergoes before neurofibrillary tangle 

ic degeneration is provided by an immunocytochemical 

ns tool, Alz-50. This is a monoclonal ant ibody 

ns raised against an Alzheimer brain homogenate and 

®t selected for the ability to recognize Alzheimer, 

ms but not control, brains (Wolozin et al., 1986; 

. to Hyman, 1988) • The antibody recognizes both A68, a 

so 68kD soluble protein (Wolozin et al., 1986), which 

at is likely an epitope of the tau molecule (Lee et 

al., 1991). The antigen is also present in Down 

hy brains from the second decade onward (Wolozin, 

ve 1988; Mattiace, 1989) . Our studies in Alzheimer 

at disease (Hyman et al, 1988) and in Down syndrome 

he (Hyman and Mann, 1991) support the idea that" 

or neurons at risk to develop neurofibrillary tangles 

become immunoreactive for Alz-50. 

th Alz-50 and ant i -tau immunocytochemistry are 

in useful for visualizing neurofibrillary tangles, 

ic dystrophic neurites, and some neurons that are 

es believed to be M pre-neurof ibrillary tangles". 

) . Combining the power of the hierarchical 

ow vulnerability scheme we have developed in our 

ly studies of Alzheimer disease in which we can rank 

! order cytoarchitectural fields in terms of 

involvement, and the predictive power of 
£. progression of Alzheimer pathology in - the Down 

Is individuals, the hypothesis that Alz-50 and anti- 

th tau recognize neurons that are destined to develop 

ng neurofibrillary pathology can be tested. As noted 

we above, our initial studies suggest that Alz-50 

does recognize "at-risk" neurons in Down syndrome 
(Hyman and Mann, 1991) . These "at risk" neurons 
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show a diffuse stain over the cytoplasm which def< 

extends into the dendritic arborizations and the Geoi 

axon, giving an almost Golgi-like appearance (see, n\aj< 

for example, Hyman et al., 1988). The tig] 

immunohistochemical staining is not condensed as P ro1 

one sees with a neurofibrillary tangles, and the in 

"at risk". Neurons can be shown not to contain a has 

tangle by subsequent histological staining. fam 

Nonetheless, this is an abnormal staining pattern t P^ e 

insofar as neither Alz-50 nor anti-tau di s< 

immunocytochemistry reveals any staining in the a 

somatodendritic compartment under normal suf1 
circumstances. Alz-50 positive cells in the 
hippocampus have been reported to have about 30% 

less mRNA than Alz-50 negative cells, again the 

suggesting that Alz-50 marks dysfunctional neurons hav ' 

(Doebler et al., 1988). ^ 

Cor< 

It is unknown whether amyloid deposition (3/A- 

precedes, accompanies, follows, or is correlated the 

to tangle formation in Alzheimer disease. Data pro 

from Dr. Mann's laboratory suggests that amyloid pat 

deposition precedes tangles (Mann and Esiri 1989) , str 

but other groups have reported the opposite Gor 

(Bigio, et al., 1990). Our own data suggest that of 

this is dependent on where you look: in the 1 tan 

hippocampal formation and entorhinal cortex, who 
neurofibrillary tangles may precede senile 

plaques, whereas the opposite is probably true in p 
most cortical areas. 

Molecular biological studies of Down synd rome and 
Alzheim er disease 



Con 



syn 
ser 



Why does trisomy 21 lead to early development cor 
of Alzheimer disease? The most likely explanation dec 
is that the amyloid precursor protein gene resides sair 
on chromosome 21 (Robakis et al., 1989; Tanzi et iinn 
al., 1987a; Goldgaber et al., 1987). Insight into tar 
the mechanism of why this is important has come Alz 
from the genetic study of familial Alzheimer 
disease. Alzheimer disease is itself inherited in 
some families, independent of Down syndrome, and 
although there is clearly heterogeneity the gene 



pre 
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defect in some families lies on chromosome 21 (St. 
George-Hyslop et al., 1990). Although the great 
majority of these families do not demonstrate 
tight genetic linkage with the amyloid precursor 
orotein gene (Tanzi et al., 1987b; Tanzi et al., 
in preparation) , a recent exciting breakthrough 
has been the discovery that . s ° m « .j* 1 ^"?* 
families do have a mutation in the amyloid 
precursor protein that co- segregates with the 
disease (Goat e, et al., 1991). This suggests that 
a defect in the amyloid precursor protein alone is 
sufficient to cause Alzheimer disease. 

More direct proof of this idea has emerged in 
the last year from studies of transgenic mice that 
have been genetically engineered to "overproduce" 
amyloid precursor protein (or a fragment thereof). 
Cordell and colleagues (1991) showed doposition of 
0/A4 amyloid in animals that had extra copies of 
the Kunitz -protease containing amyloid precursor 
protein gene. More dramatic Alzheimer- like 
pathology, including neurofibrillary tangle like 
structures, was reported by Kawabata, Higgins and 
Gordon (1991) in animals transgenic for a fragment 
of the amyloid precursor protein. Neurofibrillary 
tangle- like structures were also reported in rats 
whose brains has been injected with P/A4 amyloid 
protein itself (Kowall et al., 1991). 

r^nr-hiding remarks 

These data suggest that individuals with Down 
syndrome will develop neurofibrillary tangles, and 
senile plaques in their 40' s, and that the 
continued accumulation results in cognitive 
decline by the 50 's or 60 's. These occur in the 
same locations, and are the same biochemically and 
immunohistochemically, as the neurof ibrillary 
tangles and senile plaques that characterize 
Alzheimer disease. 

Experiments reported within the past year 
provide several lines of evidence that the crucial 



134 / Hyman 



component of the illness that predisposes Down 
patients to early Alzheimer- type pathology is the 
implication of the amyloid precursor protein gene 
on chromosome 21. This leads to accumulation of 
p amyloid and presumably, in a way not yet 
understood, to the development of neurofibrillary 
tangles in vulnerable populations of neurons. 
This leads to destruction of neural systems, and 
to ultimately cognitive impairment after 
compensatory mechanisms fail. Thus, treatment to 
prevent the development of Alzheimer disease in 
Down patients (and perhaps in the general 
population as well) will be aimed at reducing the 
expression and/or neurotoxic effects of (3- amyloid. 
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Cognitive impairment in 
adults with Down's syndrome: 

Similarities to early cognitive changes 
in Alzheimer's disease 

K L Brugge, MD; S.L. Nichols, PhD; D.P. Salmon, PhD; L R. Hill, PhD; 
. D.C. Delis, PhD;L. Aaron; and D.A. Trauner, MD 
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Down's syndrome (DS) is a genetic disorder involv- 
ing an excess of chromosome 21 (trisomy 21 in ap- 
proximately 96% of the cases), and those with DS 
constitute approximately 15% .of the population with 
mental retardation. 1 Several investigators reported 
a discrepancy between the presence of neuropatho- 
logy hallmarks 2 of Alzheimer's disease (AD) and de- 
mentia 3 - 4 in DS. Based on results of postmortem 
studies, almost all individuals with DS have neu- 
rofibrillary tangles and neuritic plaques (changes as- 
sociated with AD in nonretarded individuals) pres- 
ent in their brains by age 40 years. However, previ- 
ous studies 310 identified dementia among only some 



DS subjects over 40 years old. In many of these stud- 
ies, DS subjects defined as demented were compared 
with a group of DS subjects of similar age who may 
also have been exhibiting early changes of dementia 
not detected by the measures employed. Further- 
more, the presence of preexisting mental retardation 
in most individuals with DS presents a challenge m 
the detection of dementia in this population. \ 

The potential cognitive changes associated with 
dementia of the Alzheimer type (DAT) in DS are 
not well characterized nor have sensitive markers 
detecting early dementia been identified. Measures 
of memory function, particularly delayed recall or 
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measures of the percent of memory retention over 
time (referred to as "savings scores") are sensitive 
and fairly specific in the detection of early DAT 
among the non-DS population. 1115 Welsh et al 13 > 14 
reported the savings score from the CERAD neu- 
ropsychological test battery to be the second best 
variable in discriminating between AD patients 
with mild DAT and nondemented age-matched con- 
trols, using various tests of memory and language 
(ie, the Boston Naming Test [BNT] and Category 
Fluency) and a test of constructional praxis. De- 
layed recall was the best detector of mild DAT in 
the study of Welsh et al. However, these investiga- 
tors excluded from the statistical analysis data 
from subjects who recalled fewer than two items on 
short delay. Other investigators, 12 who did not em- 
ploy this exclusionary criterion and obtained sav- 
ings scores using the Logical Memory and Visual 
Reproduction subtests of the Wechsler Memory 
Scale-Revised (WMS-R), reported the savings score 
as the most sensitive and specific marker for early 
DAT. Intrusion errors or false positives that reflect 
other subtle aspects of memory function are re- 
ported to occur in the later stages of DAT. 1316 

Children 16 or adults with DS, 17 when compared 
with control subjects of similar age and overall in- 
telligence, show greater impairment in specific ver- 
bal tasks. Such impairment in nonmemory verbal 
performance may precede the onset of dementia in 
DS; therefore, nonmemory language tests such as 
Category Fluency and the BNT, which reveal im- 
pairments particularly in the advanced stages of 
DAT in AD patients, 14 may not be sensitive in de- 
tecting early dementia among DS adults. 

The purpose of the present study was to deter- 
mine whether cognitive impairments associated 
with early dementia in DS adults could be detected 
by measures that are sensitive in detecting demen- 
tia in AD patients. Since the DS subjects of the pres- 
ent study were within the age range in which the 
age-dependent increase of AD neuropathology in 
DS is known to be the greatest, 2 an age-dependent 
decline of memory function reflected by the savings 
score or delayed recall is predicted to exist among 
the DS but not the control subjects. 

Methods. Subjects. Seventeen subjects with DS and 
seven age-matched, mentally retarded controls partici- 
pated in the study. All subjects resided in two group 
homes in southern California. The mean age of the DS 
group, 31.1 ± 2.9 years (range, 22 to 51), was not signifi- 
cantly different from that of the seven controls, 28.9 ± 
2.8 years (range, 22 to 46). The control subjects were also 
not significantly different from the DS group in mean 
Full Scale Intelligence Quotient (60.9 ± 2.8 for controls 
and 55.3 ± 1.6 for DS subjects), Performance IQ (controls, 
64.9 ± 1.2; DS, 61.4 ± 1.5); or Verbal IQ (controls, 60.9 ± 
2.9; DS, 55.5 ± 1.4) of the Wechsler Adult Intelligence 
Scale-Revised (WAIS-R). 18 All subjects had a complete 
physical evaluation, including neurologic and psychiatric 
examinations, and medical histories were obtained. None 
of the subjects had active major medical disorders (such 
as heart disease, infections, lung disease, liver disease, 



kidney disease, or diabetes) other than the neurologic 
condition resulting in moderate mental retardation. The 
diagnoses of the mentally retarded controls included hy- 
drocephalus with a normal-pressure shunt, translocation 
of chromosomes 5/X or chromosomes 19/20, micro- 
cephaly, cerebral palsy, and unknown etiologies of men- 
tal retardation. All were ambulatory and active in day- 
time workshops or employment programs. Routine labo- 
ratory blood tests on each subject included CBC, BUN, 
creatinine, glucose, platelets, and chemistry profile and 
were within normal limits in all subjects. Since DS is as- 
sociated with a high incidence of hypothyroidism, blood 
thyroxine and T 3 RU levels were 1 obtained. Although four 
DS subjects were taking thyroxine; all subjects showed 
thyroxine and T 3 RU levels within the normal range. One 
DS subject and four controls were taking anticonvulsant 
medication. However, each of these had had their most 
recent seizure more than 1 month prior to the time of 
study, and most of them had had their last seizure sev- 
eral years prior to the study. Four of the seven control 
subjects were receiving a low dose of psychotropic medi- 
cation such as 1 mg of haloperidol (orally) daily or a tri- 
cyclic antidepressant, and three were on medroxyproges- 
terone or primidone. Five DS subjects and three controls 
were taking daily vitamins, typically multivitamins. Sub- 
jects taking these various medications performed within 
two standard deviations of their respective group means 
on all neuropsychological test variables. All subjects 
were nonsmokers and on a similar diet, provided in the 
group home. None was obese. 

Neuropsychological testing. All subjects were adminis- 
tered the following battery of neuropsychological tests: 
WAIS-R, 18 Logical Memory and Visual Reproduction sub- 
tests of the WMS-R, 19 California Verbal Learning Test- 
children's version (CVLT-C), 20 BNT, 21 Peabody Picture 
Vocabulary Test-Revised (PPVT-R), 22 Memory for Sen- 
tences (Memsent) and Memory for Objects from the Stan- 
ford-Binet Intelligence Scale, fourth edition, 23 Letter 
(Controlled Oral Word Association Test) and Category 
(Animals) Fluency tests, 24 Beery Developmental Test of 
Visual-Motor Integration, 25 Opposites subtest of the Mc- 
Carthy Scales of Children's Abilities, 26 and Finger Tap- 
ping for the dominant (Tap Dom) and nondominant (Tap 
NonDom) hands from the Halstead-Reitan Battery. 27 The 
difference between the dominant and nondominant hand 
on Finger Tapping (DifferTap) was also obtained. The 
number of intrusion errors during generation of words 
starting with the letters "F, w ~ w A7"oK K S" on the Letter^ 
Fluency test was recorded and referred "to as "FAS intru- 
sions." The data on some subtests from one of the seven 
controls and one DS subject were missing or excluded 
due to the subject's unwillingness to respond. ^ 

The Logical Memory subtest from the WMS-R as- 
sessed immediate (I) and delayed (30-minute delay; II) re- 
call of two paragraphs, A and B (Logical Memory IA and 
IB and Logical Memory IIA and IIB). A savings score for 
Logical Memory (expressed as percentage) was obtained 
with the following formula: Logical Memory 
IIA + IIB/Logical Memory IA + IB multiplied by 100. The 
Visual Reproduction subtest assessed immediate (VRIAD) 
and delayed (30-minute delay; VRIIAD) recall of four de-._ 
signs (designs A through D). A" savings score "for Visual 
Reproduction (expressed as percentage) was obtained by 
calculating the following: VRIIAD/VRIAD X 100. 

The children's version of the CVLT was chosen to 
avoid the floor effect that might be obtained with the 
adult version. Since this test is not widely used, we pro- 
vide a description. The CVLT-C is a verbal list-learning 
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task that provides measures of several aspects of learn- 
ing and memory. On each of five trials, 15 words (list A) 
were presented orally at the rate of one word per second, 
and immediate free recall of the words was elicited. A 
second list (list B) was presented for one trial immedi- 
ately after trial 5. Following the list B trial, the subject 
was asked to again recall the items of list A (short de- 
layed free recall) and then to recall the words from list A 
with semantic cues provided (short delayed cued recall). 
After a 20-minute interval during which unrelated non- 
verbal tests were administered, the subjects were given 
free recall and category-cued recall trials (long delayed 
free recall and long delayed cued recall, respectively) and 
a recognition test of list A. The yes/no recognition test 
consisted of 30 distractor items intermixed with the 15 
items of list A. The number of false-positive responses on 
the recognition test and the number of intrusions over all 
test trials were recorded. Savings scores for short and 
long delayed recall (expressed as percentages) were ob- 
tained by dividing short delayed free or long delayed free 
recall, respectively, by trial 5 recall multiplied by 100. 

Statistical analysis. A stepwise logistic regression 
analysis comparing the DS and control subjects was per- 
formed with measures known to be sensitive to cognitive 
impairment in the early stages of Alzheimer's disease 
(hereafter referred to as "Alzheimer-related variables"). 
Stepwise logistic regression serves the same purpose as 
stepwise discriminant analysis in that it uses explana- 
tory variables to determine to which of two groups (DS or 
control) each individual in the population belongs. The 
major difference is that, unlike discriminant analysis; lo- 
gistic regression does not assume that the explanatory 
variables are normally distributed within each group. 
Since this assumption was obviously violated for several 
of the variables we were considering, we chose logistic re- 
gression as the better technique to use. The variables in- 
cluded in this analysis were Logical Memory IIA and IIB; 
VRIAD, VRIIAD, and the Visual Reproduction savings 
score from the WMS-R; false positives; intrusions on 
short cued recall and long cued recall; short and long de- 
layed savings scores and trials 1-5 recall from the CVLT-C; 
FAS intrusions from the Letter Fluency test; and the 
score from the BNT. The Logical Memory savings score 
was not included in this analysis since several subjects 
received a score of zero on the Logical Memory immedi- 
ate recall condition. Short and long free recalls of the 
CVLT-C were not included among the Alzheimer-related 
variables due to a floor effect of these^ variables among 
the DS subjects (raw mean scores of the DS subjects 
were 34 ± 1.0 and 4.2 ± 1.2; the raw mean scores of the 
control subjects were 6.2 ± 0.8 and 5.0 ± 1.4). 

The stepwise logistic regression model was designed 
to determine which of the above variables best discrimi- 
nates between DS and control subjects. The procedure 
considered all the Alzheimer-related variables and en- 
tered the best discriminating variable first in the model. 
Subsequently, the model entered the second variable 
with the greatest additional discriminating power (while 
considering all the Alzheimer-related variables) in the 
presence of the first variable. Due to an insufficient num- 
ber of subjects, the third best discriminating variable 
could not be entered in the model. Since this analysis 
could not provide reliable ^oup differences beyond the 
two best discriminating variables, separate t tests were 
performed to compare the performance of the DS and 
control groups on each of the Alzheimer-related vari- 
ables. Statistical analysis on all psychometric variables 
in the present study was performed on raw scores. Since 



the DS subjects were predicted to show a greater impair- 
ment of performance compared with controls, the level of 
significance for a one-tailed test is reported. 

Results. Comparisons of the DS and control groups 
on Alzheimer-related variables. Despite equivalent 
levels of general intellectual ability, DS subjects 
were significantly more impaired than the mentally 
retarded control subjects on the following 
Alzheimer-related variables: short delayed savings 
score (p < 0.001), long delayed savings score (p < 
0.01), false positives (p < 0.025), BNT (p < 0.025), 
VRIAD (p < 0.05), and intrusion short and long cued 
(p < 0.05 for both measures). Using the Bonferroni 
correction (a criterion ofp < 0.001 to be significant), 
the short delayed savings score was the only 
Alzheimer-related variable to show a significantly 
greater impairment in the DS group. With the Bon- 
ferroni correction, other variables showed trends for 
greater impairment in DS compared with controls. 
Short and long free recall failed to show significant 
differences between the DS and control groups due 
to floor effects. The DS group also showed signifi- 
cantly greater impairment than did controls on the 
following psychometric variables not included 
among the Alzheimer-related variables: DifferTap, 
PPVT, WAIS-R similarities, and Memsent (ranging 
from p < 0.05 to 0.001). (The mean raw diagnostic 
group scores and the results of the t test compar- 
isons without Bonferroni correction between the DS 
and control groups on the Alzheimer-related vari- 
ables and on other psychometric variables are in 
table 1, filed with the National Auxiliary Publica- 
tions Service [NAPS]; see Note at end of article.) 

A stepwise logistic regression analysis on 
Alzheimer-related variables revealed that the short 
delayed savings score from the CVLT-C was the 
variable that best discriminated between DS sub- 
jects and controls (p < 0.005, x 2 = 9-30), in that it 
was the only variable to show a group difference suf- 
ficient to enter the model. Among all psychometric 
variables, the short delayed savings score was the 
only variable to be significantly (r = -0.544, p < 
0.02) inversely correlated with age in the DS group 
but not in the controls (see table % filed with NAPS). 
The control group showed either no correlation or 
significant positive correlations of Alzheimer-related 
variables with age (Logical Memory IIA, r = 0.847, p 
< 0.05, and Logical Memory IIB, r = 0.822, p < 
0.025). Furthermore, unlike the DS group, the con- 
trol group showed a significant positive correlation 
(ranging from an r = 0.691, p < 0.05, to r = 0.862, p < 
0.01) of Logical Memory IA and IB subtests and 
WAIS-R Comprehension, Information, and Vocabu- 
. lary subtests, and a trend for a positive correlation 
of the Picture Completion subtest (r = 0.640) with 
age (see table 2, filed.with NAPS). . '„ ; . 

Segregation of DS subjects into memory-im- 
paired and memory -nonimpaired groups. Perfor- 
mance on the short delayed savings score was cho- 
sen as the cognitive measure to theoretically clas- 
sify the DS subjects into a demented ("memory-im- 
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paired") or nondemented ("memory-nonimpaired") 
category since this variable was found to be (1) the 
only age-dependent variable in the DS subjects 
among more than 25 dependent variables, (2) not 
age-dependent in controls, (3) the variable that best 
discriminated DS from controls based on stepwise 
logistic regression analysis, and (4) a sensitive cog- 
nitive marker for early dementia in AD patients. 

The memory-impaired DS subjects were defined 
as those with a short delayed savings score of zero 
(no retention after a short delay), whereas the 
memory-nonimpaired DS subjects had short de- 
layed savings scores of greater than zero (ranging 
from 67% to 167%). The range of this savings score 
among the controls was 27% to 100%. Since one DS 
subject failed to recall any items on trial 5, the data 
for this subject were excluded in subsequent analy- 
ses involving the two DS subgroups. A fairly even 
distribution of subjects was observed among the 
three diagnostic groups: controls (N = 7), memory- 
impaired (N = 7) and memory-nonimpaired DS (N 
= 8) groups. The term "memory-nonimpaired" is 
relative in this context in that the memory-nonim- 
paired DS and the control groups were not signifi- 
cantly different in their mean short delayed sav- 
ings scores (77.4 ± 7.5 for the memory-nonimpaired 
DS group and 110.36 ± 14.6 for the control group)/ 
The two DS subgroups did not differ in mean Full 
Scale IQ (54.3 ± 1.9 for the memory-impaired and 
57.1 ± 2.9 for the nonimpaired group), Performance 
IQ (61.7 ± 1.8 for the memory-impaired and 62.3 ± 
2.9 for the nonimpaired), or Verbal IQ (54.4 ± 1.7 for 
the memory-impaired and 57.1 ± 2.4 for the nonim- 
paired). However, the memory-impaired DS subjects 
were significantly (p < 0.01,' t = 3.016, df = 13) older 
than the memory-nonimpaired DS subjects (mean 
ages, 38.6 ± 3.8 years for the memory-impaired and 
27.9 ± 1.4 years for the nonimpaired). Although the 
control group had a mean age (28.9 ± 2.8 years) sim- 
ilar to that of the memory-nonimpaired group, it did 
not differ significantly from either DS subgroup. 

Comparisons between memory-impaired and 
memory-nonimpaired DS groups and controls on 
various measures of cognitive performance. Com- 
parisons (using ANOVA) among the three diagnos- 
tic-groups on various psychometric measures re- 
vealed main effects among the three groups for 
most of those variables in which significant differ- 
ences existed between the controls and the entire 
DS group (see table 1, filed with NAPS). The 
Alzheimer-related variables showing diagnostic 
group differences included the short delayed sav- 
ings score (p < 0.001), long delayed savings score (p 
< 0.01), false positives (p < 0.025), and VRIAD (p < 
0.05). Other Alzheimer-related variables, such as 
intrusions (FAS, and short and long cued) failed to 
show significant diagnostic group differences. In 
addition, a significant group effect was observed for 
three other measures of memory function, short 
free recall (p < 0.001), long free recall (p < 0.05), 
and Memsent (p < 0.025), and for a psychomotor 
measure, DifferTap (p < 0.025). BNT, PPVT, and 



the WAIS-R similarities subtest showed trends for 
diagnostic group effects (p < 0.075, F = 2.94). 

Post hoc t tests were performed on those vari- 
ables showing significant diagnostic group effects by 
ANOVA. Memory-nonimpaired DS subjects failed to 
differ significantly from the control subjects on al- 
most all the variables. In contrast, the memory-im- 
paired DS group was significantly worse than con- 
trol subjects on the following, variables: short and 
long delayed savings score (p < 0.001), short (p < 
0.001) and long (p < 0.05) free recall, false positives 
(p < 0.05), VRIAD (p < 0.05), Memsent (p < 0.01) 
and DifferTap (p < 0.01) (table l,>filed with NAPS)! 
The magnitude of impairment exhibited by the 
memory-impaired DS group tended to be greater 
than that of the memory-nonimpaired DS subjects 
on several variables. However, only the short (p < 
0.001) and long (p < 0.025) delayed savings scores 
and short free recall (p < 0.001) showed significant 
differences between the two DS subgroups. 

Correlation of neuropsychometric measures with 
age in memory-impaired DS, memory-nonimpaired 
DS, and controls. Since the DS group as a whole 
failed to show significant correlations with age on 
any variable while the controls showed positive cor- 
relations, it was hypothesized that the memory-im- 
paired subgroup included in the larger DS cohort was 
masking age effects that might exist in the memory- 
nonimpaired DS. If this were the case, nonimpaired 
DS would be expected to show correlations similar to 
those observed in the controls (ie, improvement of 
WAIS-R verbal subtests with age) while memory-im- 
paired DS would be expected to show no correlation 
or a decline in performance with age. Pearson prod- 
uct-moment correlations of several variables with 
age for the three diagnostic groups are shown in fig- 
ures 1 through 3. (Pearson product-moment correla- 
tions for Alzheimer-related variables, WAIS-R sub- 
tests, and other psychometric variables are shown for 
all diagnostic groups in table 2, filed with NAPS.) 

Segregation of the DS groups into memory-im- 
paired and nonimpaired subgroups revealed that 
the nonimpaired DS subgroup„sh^ed_sign^ 
positive correlations or trends for positive correla- ^ 
tions between age and various WAIS-R verbal sub- 
tests (ranging from r = 0.645 to 0.735, p; < 0.05 to 
0.025) and tests of memory (Logical Memory IB, r = 
0.640, p < 0.05), similar to those of the controls 
(ranging from r = 0.691 to 0.862, p < 0.05 to 0.01 for, 
WAIS-R verbal subtests, and ranging from r = 0.780 
to 0.861, p < 0.05 to 0.01 for all four Logical Memory 
subtests). In contrast, the memory-impaired DS 
group failed to show improvement in cognitive func- 
tion with age on any of the variables. Instead, the 
memory-impaired DS subgroup showed a signifi- 
cant decline, or trend for a decline (ranging from r = — 
-0.668 to -0.835, p < 0.05 to 0.01), in cognitive per- 
formance with advancing age on a number of mea- 
sures. These measures included several Alzheimer- 
related variables, other measures of memory func- 
tion (Logical Memory subtests,. trial 1-5 recall, list B 
recall), and nonmemory variables including the 
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Figure 1. Correlations of age with performance on the 
WAIS-R subtests; Information (open circle), Vocabulary 
(triangles), and Comprehension (closed circles) for each 
diagnostic group: (A) controls, (B) memory -nonimpaired 
Dowjk's, and (C) memory -impaired Down's, 
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Figure 2. Correlations of age with immediate Logical 
Memory recall (closed circles) and delayed Logical 
Memory recall (open circles) of part B of the Wechsler 
Memory Scale-Revised for each diagnostic group: (Ay- 
controls, (B) memory -nonimpaired Down's; and (C) 
memory-impaired Down's. 



WAIS-R Block Design subtest and Finger Tapping 
(for Tap NonDom and Tap Dom, see figure 3; see 
also table 2, filed with NAPS). 

Discussion. In the present study, the short delayed 
savings score (obtained from the CVLT-C), a sensi- 
tive cognitive marker for early DAT in AD pa- 
tients, 1215 (1) declined with advancing age in the DS 
group but not in the controls, and (2) discriminated 
DS from controls based on stepwise logistic regres- 
sion analysis. Other psychometric measures, which 
reveal impairment in the later stages of DAT, 14 such 
as false positives, intrusion errors, and performance 
on the BNT, failed to show sufficient impairment in 
DS compared with controls to enter into the step- 



wise regression analysis model. When separate 
comparisons were made for each cognitive variable, 
several variables, such as intrusion errors, revealed 
greater impairment in the DS group than in the 
controls but failed to decline with advancing age 
among the DS subjects. Intrusion errors occur in a 
variety of neurologic conditions 28 in addition to AD, 
and may reflect a more static memory deficit that 
antedates the onset of more* progressive changes of 
dementia (as seen in older DS adults), such as a de- 
cline in the savings score. A decline in short delayed 
free recall performance with age was not observed 
among the DS group, perhaps due to a floor effect 
on this memory function. 

There are a number of caveats in the present 



236 NEUROLOGY 44 February 1994 



I 



80 
70 
60 
50 
40 
30 
20 



O « 



10 
20 



30 



s 



10 



40 

Age (Years) 



50 



60 




20 



30 



40 

Age (Years) 



50 



60 



Figure 3. Correlations with age of Finger Tapping (the 
sum of finger tapping of the dominant and nondominant 
hands) for each diagnostic group: control (open circles) 
and memory -nonimpaired Down's (closed circles) subjects 
in (A) and memory-impaired Down's subjects in (B). 



study. First, since DS subjects with severe cogni- 
tive impairment could not participate in the neuro- 
psychological testing, the results of the present 
study apply only to a subpopulation of DS. Second, 
some of the results of the present study are re- 
ported without Bonferroni correction. Third, the 
study lacked a longitudinal design, which would be 
necessary to demonstrate a progressive decline of 
cognitive function among the memory-impaired DS 
subjects. However, a sensitive marker for DAT 1215 
was employed and revealed an age-dependent de- 
cline in performance among DS subjects but not 
controls, who were within the age range in which 
the rate of appearance of AD neuropathology in DS 
is predicted to be greatest. 2 

Impairments in several aspects of verbal func- 
tion, such as performance on the PPVT, are present 
in DS subjects compared, with controls of similar 
overall intelligence and age, 16 - 17 and were also ob- 
served in the present study. Impairment of verbal 



skills appears to precede the development of de- 
mentia in DS, since it occurs during childhood 
years. 16 Consistent with these observations, the DS 
adults of the present study failed to show an age- 
dependent decline in performance on the PPVT. 
Other measures of verbal abilities also failed to dis- 
criminate DS from controls or failed to show an 
age-dependent decline among the DS subjects. Fur- 
thermore, the memory-impaired DS group failed to 
show greater impairment in nonmemory verbal 
tests than did the controls or the memory-nonim- 
paired DS group. Therefore, nonmemory verbal 
tests did not appear to be sensitive in detecting 
early dementia among DS adults in the present 
study. Non-DS AD patients generally show impair- 
ment on nonmemory verbal tests to a greater ex- 
tent in advanced rather than early stages of DAT. 14 

If the short delayed savings score is a sensitive 
marker of early dementia in DS, then DS subjects 
identified as memory-impaired based on their short 
delayed savings score performance might also ex- 
hibit a decline in performance on other cognitive 
functions with age. Indeed, a decline in performance 
on a number of psychometric variables with increas- 
ing age that failed to exist for the entire DS group 
was unmasked among the memory-impaired DS 
subjects but not among the nonimpaired DS subjects 
or controls. Similarities in verbal and nonverbal lev- 
els of intelligence of these two DS subgroups suggest 
that any differences between the DS subgroups can- 
not be attributed simply to a lower baseline level of 
intelligence among the memory-impaired group. 
Furthermore, the short delayed savings score, which 
was used to identify the memory-impaired DS sub- 
jects, did not correlate with WAIS-R verbal (r = 
0.238) or performance (r = 0.102) IQ scores but in- 
stead correlated with age, which is consistent with 
the age-dependent development of dementia. 

Because the memory-impaired DS group was sig- 
nificantly older than the memory-nonimpaired 
group, differences between these two DS subgroups 
might be attributed to age effects rather than to the- 
development of dementia. However, since the short 
delayed savings score is sensitive in detecting early 
DAT in AD patients 215 and it declined with advanc- 
ing age among DS adults, then it appears that this 
savings score is reflecting memory deficits associated 
with dementia in DS adults who are known to be de- 
veloping AD neuropathology, rather than reflecting 
aging. In the present study, the savings score does 
not decline with advancing age among healthy el- 
derly subjects 29 nor among the non-DS developmen- 
tal^ disabled subjects, in contrast to DS subjects. 
Furthermore, an age-dependent decline of Logical 
Memory performance, associated with DAT in the 
non-DS population, was observed among the mem- 
ory-impaired nonelderly DS but not among the con- 
trols in the present study nor among the nongeriatric 
(ages 20 to 59) non-DS adults of previous studies. 30 
Thus, it appears that differences in cognitive deficits 
among memory-impaired and nonimpaired DS can- 
not be sufficiently explained by age effects alone. 
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An acceleration of neurodegenerative pathology 
associated with aging might explain the age-depen- 
dent decline of performance on nonverbal subtests 
of the WAIS-R or Finger Tapping on the Halstead- 
Reitan within the "impaired" subgroup of DS, since 
these tests are reported to decline with age in the 
healthy population. 31 Based on numerous reports of 
the premature onset of a variety of age-dependent 
phenomena and diseases, 2 * 32 * 34 acceleration of aging 
in DS is believed to exist. 

The results of the present study are consistent 
with the presence of early dementia among DS 
adults, some of whom are younger than 40 years, 
and who are within the age range in which the rate 
of appearance of AD neuropathology is known to be 
greatest. 2 However, a longitudinal reexamination 
of the subjects in the present study is required to 
confirm this hypothesis. Utilization of measures of 
subtle aspects of memory function, such as the 
short delayed savings score, should be considered 
for future studies that attempt to categorize adults 
with DS into demented and nondemented groups, 
particularly studies examining potential biochemi- 
cal correlates of dementia in this population. 

Note. Readers can obtain tables 1 and 2 (4 pages) from the National 
Auxiliary Publications Service, do Microfiche Publications, P.O. Box 
3513, Grand Central Station, New York, NY, 10163-3513. Request 
document no. 05082. Remit with your order (not under separate cover), in 
US funds only, $7.75 for photocopies or $4.00 for microfiche. Outside the 
United States and Canada, add postage of $4.50 for the first 20 pages and 
$1.00 for each 10 pages of material thereafter, or $1.75 for the first 
microfiche and $.50 for each fiche thereafter. There is a $15.00 invoicing 
charge on all orders filled before payment. 
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Brain amyloidosis with abundant f3/A4 protein 
deposition in plaques and cortical and meningeal 
vessels is found in Alzheimer's disease (AD) and 
hereditary cerebral hemorrhage with amy- 
loidosis-Dutch type (HCHWA-D). In contrast to 
AD y no neuritic pathology or classical congophilic 
plaques are found in HCHWA-D. Unlike most AD 
cases, the congophilic angiopathy in HCHWA-D is 
very severe. It is still unknown whether p/A4 de- 
posits in plaques and vessels have the same or- 
igin. In this study, we have used frozen cortical 
tissue of HCHWA-D and AD patients to investigate 
the P/A4 amyloid protein and the amyloid precur- 
sor protein (APP) in different types of plaques 
and congophilic angiopathy. Immunohistochem- 
ical staining was conducted using antibodies 
against synthetic p/A4 proteins and antibodies 
against APP including MAbP2-l, a monoclonal an- 
tibody against purified protease nexin-2, which is 
the secreted form of APP. In contrast to immuno- 
histochemical studies on formalin-fixed, par- 
affin-embedded tissue,frozen tissue of HCHWA-D 
patients revealed a very high number of fi/A4 
plaques resembling AD. All plaques were of the 
diffuse type. Double staining with MAbP2-l and 
p/A4 antisera revealed 1 ) the presence of APP im- 
munoreactivity in classical plaques and transi- 
tional forms; 2) the absence of APP immunoreac- 



tivity in diffuse plaques in HCHWA-D and AD; and 
3) pronounced APP immunoreactivity in congo- 
philic vessels in HCHWA-D in contrast to weak 
APP staining in congophilic vessels in AD. To- 
gether these findings suggest that a ) the presence 
of APP in plaques is related to neuritic changes; 
b) different processes occur in amyloid forma- 
tion in plaques and vessels; and c) differences ex- 
ist between the process of amyloid formation in 
HCHWA-D and AD. (Am f Pathol 1993, 142: 
1449-1457) 

Amyloidosis of the central nervous system and for- 
mation of paired helical filaments 1 (PHF) are the most 
characteristic pathological features of patients with 
Alzheimer's disease (AD) 2 and aged patients with 
Down Syndrome. 3 The amyloid protein in these dis- 
orders is the 4-kd 0/A4 protein, 4 " 7 which is derived 
from a larger membrane-spanning molecule, 8 - 9 the 
amyloid precursor protein (APP). 10-12 The /3/A4 pro- 
tein contains half of the transmembrane region and 
the first 28 aminoacids of the extracellular domain. 6 - 7 
The normal processing of APP, involved with the 
release of the extracellular domain known as pro- 
tease nexin-2 (PN-2), 13 " 15 is the result of proteolytic 
cleavage through the )3/A4 domain of APP. 16 Re- 
leasing of intact J3/A4 occurs through aberrant pro- 
teolysis of APP caused by unknown brain specific 
processes. 16 - 17 

0/A4 deposits are found as senile plaques dis- 
persed in the neuropil of the cortex, hippocampus, 
and subcortical nuclei. Several types of 0/A4 plaques 
have been described, including the classical amyloid 
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plaque surrounded by dystrophic neurites and glial 
cells 18 and the amorphous or diffuse, noncongophilic 
plaque, 19 " 28 which seems to be an early stage in 
amyloid plaque formation. 19 * 25 26 In addition to amy- 
loid in plaques, amyloid is found in blood vessel walls 
in some AD patients. Vascular amyloid is localized 
in the media and adventitia of cortical and' menin- , 
geal small- and medium-sized arterioles and capil- 
laries. 29 " 31 This phenomenon is called congophilic 
angiopathy or cerebral amyloid angiopathy. Plaques 
and vascular amyloid can also be found in aged non- 
demented controls, though less abundantly. 

Messenger RNA for APR which is encoded by a 
gene on chromosome 21 , 8 - 10 - 12 is expressed in many 
cell types within and outside the brain. 10,32 - 33 Re- 
cently, mutations in the 0/A4 region of the APP protein 
have been described in a few families with hereditary 
AD 34-37 but not in other AD families or the sporadic 
AD cases. In a rare form of brain amyloidosis, called 
hereditary cerebral hemorrhage with amyloidosis- 
dutch type (HCHWA-D), severe congophilic angiop- 
athy is found in cortical and meningeal vessels at an 
early age 38 " 41 due to a mutation at position 22 of the 
)3/A4 protein 42 " 44 In patients with HCHWA-D, a vari- 
able number of diffuse, noncongophilic plaques 
have been described, 38 * 40 but no neuritic pathol- 
ogy. 40 - 4145 Because there is an absence of classical, 
congophilic plaques in this tissue, 38 * 40 * 41 HCHWA-D 
patients provide a unique model for the study of dif- 
fuse plaque formation. 

The origin of the £/A4 protein remains unclear. A 
vascular, glial, neuronal, or extracerebral source has 
been suggested, it is also unknown whether plaque 
amyloid and vascular amyloid are induced by the 
same proteolytic processes. To understand further 
amyloid formation in plaques and vascular amyloid, 
we have investigated immunohistochemically the dis- 
tribution of APP and J3/A4 proteins in patients with 
HCHWA-D and compared the findings with those in 
AD patients. 

Materials and Methods 
Brain Tissue 

Brain tissue was obtained at autopsy from four 
HCHWA-D patients, five AD patients, and three con- 
trols (see Table 1). AD and control brain tissue was 
obtained from the Netherlands Brain Bank, Amster- 
dam (Coordinator Dr. R. Ravid). Diagnosis was con- 
firmed using routine histochemical staining tech- 
niques (hematoxylin and eosin staining. Bodian 
silver, modified Bielschowsky or periodic methe- 
namine silver staining, Congo red staining) per- 



Tabte 1. Age, Sex, Duration of the Disease, and 

Clinical Diagnosis of Patients Used in This 
Study 



Patient 
No. 


Age 


Sex 


Duration 
(years) 


Diagnosis 


Weight 
(9) 


1 


81 


F 


>2 


SDAT 


990 


2 


64 


M 


6 


AD 


1355 


3 


40 


M 


5 


AD 


1370 


4 


64 


M 


7 


AD 


1210 


5 


48 


M 


8 


AD 


1435 


1 


47 


F 


2 


HCHWA-D 


1250 


2 


42 


M 


1 month 


HCHWA-D 


1500 


3 


50 


M 


5 


HCHWA-D 


1360 


4 


51 


M 


3 


HCHWA-D 


1400 


1 


73 


M 




Nondemented 


1410 


2 


51 


F 




Nondemented 


1190 


3 


71 


F 




Nondemented 


1240 



formed on formalin-fixed, paraffin-embedded tissue 
(fixation in 10% formalin for 4 to 5 weeks). Small 
pieces of parietal, temporal, and/or occipital cortex 
were frozen in liquid nitrogen for immunohistochem- 
ical studies, tmmunohtstochemical staining was 
also performed on routine fixed, paraffin-embedded 
cortical tissue. In addition to numerous plaques, AD 
patients were selected for the presence of congo- 
philic angiopathy. 

Antibodies 

Mouse monoclonal antibodies (MAbs) and antisera 
in this study included MAbP2-1, 13 " 15 which recog- 
nizes an N-terminal epitope on all major isoforms of 
APP, and rabbit antiserum APP-45 (gift Dr. K. Bey- 
reuther) against total APP-695, MAb22C11 (Boeh- 
ringer), rabbit anti-A4-antisera 631 22 7 (gift Dr. C.L. 
Masters and Dr. K. Beyreuther), and SP28 46 (cour- 
tesy of Dr. B. Frangione) against respectively 1-42 
and 1-28 synthetic 0/A4 proteins, NFT200 47 (Inno- 
genetics) against PHF and dystrophic neurites, and 
a MAb against glial fibrillary acidic protein 
(Monosan). 

Immunohistochemical Staining 

Staining with MAbP2-1, APP-45, MAb22C11, anti- 
A4, SP28, anti-GFAP, and anti-PHF antibodies was 
performed on frozen tissue. Then 8-u-thick serial 
cryostat sections were mounted on poly-L-lysine- 
coated glass slides, air-dried, and fixed in acetone 
or a buffer with 4% paraformaldehyde for ten min- 
utes. A4-antisera t APP-45, and MAb22C11 were 
also used for immunohistochemistry on formajin- 
fixed tissue. Eight-u-thick paraffin sections were 
then mounted on poly-L-lysine- (or chrome-alum 
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gelatine-) coated glass slides, dehydrated in etha- 
nol, and preincubated in 0.3% H 2 0 2 to block en- 
dogenous peroxidase. Paraffin sections were pre- 
treated with 85% formic acid 48 before )3/A4 staining. 

All antibodies were appropriately diluted in 
phosphate-buffered saline, pH 7.4, containing 1% 
bovine serum albumin. Immunolabeling for 
MAbP2-1 was demonstrated with the indirect tech- 
nique, using peroxidase labeled rabbit anti-mouse 
antisera (DAKO, Denmark) as a second antibody, 
immunolabeling for rabbit antisera (A4, APP-45, 
SP28) was demonstrated with the peroxidase- 
antiperoxidase technique. 49 These sections were 
preincubated with normal swine serum. Peroxid- 
ase activity was revealed by the DAB 
method. (5 mg 3,3-diaminobenzidine [DAB] in 10 ml 
phosphate-buffered saline, pH 7.4, containing 
0.02% H 2 0 2 for 3 to 5 minutes). After immunoperox- 
idase staining, sections were counterstained with 
Congo red 50 (if not pretreated with formic acid) to 
visualize the amyloid, then dehydrated, and 
mounted. Specificity of the polyclonal antiserum 
APP-45 was confirmed by absorption with purified 
PN-2/APP. Antiserum APP-45 was incubated over- 
night at 4 C with several dilutions of PN-2/APP rang- 
ing from 1 mmot to 100 mmol and centrifugated at 
10,000g. The supernatant was used as primary an- 
tibody. 

Double Staining 

Double staining was performed on frozen tissue by 
incubating simultaneously with anti-0/A4 rabbit 
polyclonal antibodies and MAbP2-1, followed in the 
second step by an incubation with alkaline- 
phosphatase-labeled goat anti-rabbit (Tago, Burlin- 
game, CA) and biotinylated horse anti-mouse (Vec- 
tor Laboratories, Burlingame, CA). In the third step, 
sections were incubated with peroxidase-labeled 
avidin-biotin-complex (Vector Elite kit). Peroxidase 
activity was visualized using the DAB method. Alka- 
line phosphatase was revealed using naphthol 
AS-MX phosphate as substrate and Fast Blue BB as 



coupling agent. Secondary antisera and reagents 
were tested for lack of cross-reactivity and nonspe- 
cific staining. 



Results 

Our immunohistochemical findings are summarized 
in Table 2. In cryostat brain sections of AD, 
HCHWA-D, and controls, neurons (soma and part of 
the axon) were immunoreactive with APP-antlbodies 
(Figure 1). Tangle-bearing cells identified by Congo 
red staining did not show APP-labeling of the intra- 
cellular tangles. Glial cells identified by MAbs 
against glial fibrillary acidic protein, remained un- 
stained for (3/A4 or APR In alt cases, a faint staining 
for APP could be found in cortical and subcortical 
microvessels. 

Plaques 

Immunostaining with antibodies against synthetic 
0/A4, (i.e., anti-A4 [63122] and SP28) showed iden- 
tical results on adjacent sections. Immunoreactivity 
was found in numerous plaques in HCHWA-D pa- 
tients and AD patients. In HCHWA-D patients, the 
density of 0/A4 plaques was much higher in frozen 
sections than in paraffin sections immunostained for 
)3/A4 or stained using periodic methenamine silver 
method (40 to 70 plaques/mm 2 and 15 to 40 
plaques/mm 2 , respectively). Counterstaining with 
Congo red showed no birefringence of amyloid in 
HCHWA-D, indicating that these plaques are of the 
diffuse type (Figure 2). Comparing |3/A4 and APP 
staining in HCHWA-D cases on adjacent sections 
revealed that diffuse, 0/A4-positive plaques did not 
show reactivity for APP-45 antiserum and MAbP2-1. 
However, very rare APP-positive deposits^ were 
found in two out of four patients. Similarly, brain 
sections of HCHWA-D patients doublestained with 
MAbP2-1 and A4 antisera revealed numerous A4- 
positive but APP-negative plaques (Figure 1). In AD 
brains, the density of 0/A4-immunostained plaques 



Table 2. Immunohistochemical Staining for Antibodies against ^/A4 and APP in Diffuse and Classical Plaques, Vascular 
Amyloid, and Neuropil Threads 



Stain 



Diffuse plaques 
HCHWA-D AD 



Classical plaques 
HCHWAD-D AD 



Vascular amyloid 
HCHWA-D AD 



Neuropil threads 



Congo red 

0/A4 

SP28 

MAbP2-1 

APP-45 

MAb22C11 



+ 
+ 
-f± 
-It 
-l± 



np 
np 
np 
np 
np 
np 



+ 
+ 
+ 

+ 
+ 



+ 
+ 
+ 
+ 
+ 
+ 



-t±, a few noncongophilic plaques are stained; np = not present. 
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Figure 1. Doublestafningfor APP (MAbP2-l. brown) and &M4 ( rab- 
bit 63122, blue) on frozen section of a patient witb HCHWA-D. Note 
neuronal staining for APP but absence of APP in diffuse {S/A4 
plaques. Congophilic vessels are double stained for &/A4 and APP. 
(Scale bar ~ 40 



plaques showed APP immunoreactivity either in the 
corona of classical plaques (Figure 3) or as more 
diffuse irregular plaque staining. Paraformaldehyde 
fixation did not reveal more APP-positive plaques 
than acetone fixation. Doublestaining with 0/A4- 
antisera and MAbP2-1 did not show APP-positive 
neurites outside the |3/A4-positive plaques (Figure 
4). Although APP-positive plaques were frequently 
congophilic, some did not reveal birefringence. 
Congophilic plaques but not diffuse plaques 
showed a corona of dystrophic neurites stained with 
antibodies against PHF In control cases, some non- 
congophilic, )3/A4-positive plaques were found (0 to 
12 plaques/mm 2 in frozen sections). APP-positive 
deposits were rarely seen. No staining was found in 
these cases using antibodies against PHF. 



in frozen tissue was 40 to 80 plaques/mm 2 . How- 
ever, the density of plaques using modified 
Bieischowsky staining on paraffin sections of adja- 
cent tissue varied between 25 and 70 plaques/ 
mm 2 . Counterstaining with Congo red showed that 
the diffuse, noncongophilic plaques outnumbered 
the amyloid plaques. Diffuse plaques were found in 
all cortical layers. Comparison of adjacent sections 
stained respectively for (3/A4 and APP showed that 
in AD patients 5 to 20% of the 0/A4-positive 




Congophilic Angiopathy 

Immunohistochemical staining for /3/A4 showed re- 
activity of tunica media and adventitia in many lep- 
tomeningeal and cortical microvessels of HCHWA-D 
patients and less frequently in the microvessels of 
AD patients. Congo red staining showed less exten- 
sive staining of the vessel wall than immunohis- 
tochemical demonstration of the 0/A4 protein. No 




Figure 2. A: Immunohistochemical staining for &/A4 protein on fro- 
zen cortical tissue of a patient witb HCHWA-D. 8: Adjacent section 
stained with Congo red. Note the discrepancy between Congo red 
staining and 0/A4 staining. (Scale bar = 80 fi). 
Figure 3. Immunoreactivity for APP (MAbP2-l) in the corona of a 
congophilic plaque on frozen tissue of a patient witb AD. (Scale 
bar = 20 ft). 
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Figure 4. DonblestainingforAPP (\1AbP2-J. brown) and &/A4 (rabbit 63122. blue) on frozen tissue of a patient with AD. APP-positiw structures 
tire associated with some (arrow) but not all $M4 plaques. (Scale Iwr = 40 ft). 

Figure 5. Staining for AVP (MAbP2-J) on frozen tissue of a Hdim-D patient. Note the difference of hmnunoreactirity of the amylouhttc vessel 
( arrow) and the normal ik-ssi-I. ( Scale bar = 20 p). ur-uw* n (<:mU> 

Figure 6. Immunoreactiviiy for APP <MAbP2-l) in neurons and in cougopbiltc tvsseis m a frozen section of a patient with JfCHWA-D. (Scale 

Figu7e^^^^ staining for APP (MAbP2-l) on a frozen section of an AD patient counterstained witb Congo red. Note presence 

of APP in the corona of a plaque but absence of APP in the adjacent coufiopbilic vessel. (Scale bar = 20 p). 



relationship was found between the p/A4 plaques 
and the congophilic vessels. Occasionally, perivas- 
cular 0/A4 staining was found around congophilic 
vessels outside the adventitia extending into the 
neuropil (dyshoric angiopathy). This phenomenon 
was seen in some AD cases and HCHWA-D cases. 
In paraffin sections, staining for 0/A4 of congophilic 
vessels was much stronger than plaque staining. 
This difference, however, was not seen in frozen tis- 
sue. 

A combination of immunoperoxidase labeling for 
APP and Congo red staining in frozen sections 
showed that tunica media and adventitia of most 
congophilic vessels in HCHWA-D were more in- 
tensely stained for the APP protein (Figures 5 and 

6) . In contrast, amyloidotic vessels in AD patients 
that were counterstained with Congo red did not 
show this pronounced APP immunoreactivity (Figure 

7) . However, in the absence of Congo red counter- 
staining, weak immunoperoxidase staining for APP 
could be found in microvessels in AD patients and 
in controls (data not presented). Furthermore, dou- 



blestaining with MAbP2-1 and 0/A4 antisera 
showed doublestained vessels in HCHWA-D (Figure 
1) but not in AD. The vessel staining with the poly- 
clonal antiserum was greatly reduced by prior im- 
munoabsorption with PN-2/APP. In addition, staining 
of parallel sections of HCHWA-D patients with non- 
immune rabbit polyclonal antiserum did not show 
this vessel staining. 



Dystrophic Neurites 

Staining with NFT200 against PHF visualized numer- 
ous tangles and dystrophic neurites (associated 
with plaques or isolated in the neuropil) in AD but 
not in HCHWA-D and controls. Dystrophic neurites 
were especially seen around classical plaques with 
a congophilic core. These plaques were also asso- 
ciated with APP-positive neurites. In contrast, iso- 
lated neuropil threads identified as isolated 
NFT200-positive threads not associated with 
plaques were unlabeled with antibodies against 
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APP both in doublestained sections and compared 
adjacent sections. 



Discussion 

The present light-microscopical study shows that 
APP can not be demonstrated in most diffuse 
plaques, neither with polyclonal antibodies against 
total synthetic APP, nor with a MAb against purified 
PN-2. This was clearly shown in four HCHWA-D pa- 
tients who lacked congophilic plaques and had only 
diffuse plaques. Absence of APP in diffuse plaques 
was also noted in other studies using different anti- 
bodies against N- and C-terminal regions of the 
APP 45 51 " 53 Reports about the presence of APP in 
al! plaques in AD 54 including diffuse plaques 55 are 
probably due to APP immunoreactivity in transitional 
forms between diffuse and classical plaques. De- 
tection of APP in neurites associated with classical 
plaques have been demonstrated in several 
studies. 45 * 51-54 - 56 A very small number of APP- 
positive deposits was found in two out of four 
HCHWA-D patients, which could suggest that tran- 
sitional plaque forms are very rare or absent in this 
disease. On the other hand, a small number of APP 
deposits without amyloid proteins have also been 
described in normal controls 56 

A recent study of AD patients by Tagtiavini et al 
has demonstrated APP immunoreactivity in diffuse 
plaques with a MAb against the N-terminal region 
but not with an antiserum against the C-terminal 
segment. 57 However, the MAbs in our study that are 
also directed against an N-terminal region of APP 13 
did not label the diffuse plaques. Importantly, the 
study of Tagliavini et al employed- formalin fixation 
and paraffin embedding, whereas we used frozen 
- -tissue. It is known that formalin fixation and paraffin 
embedding can modify the results, especially con- 
cerning the presence of serum proteins in 
plaques. 58 In addition, former studies of HCHWA-D 
brains performed on paraffin sections 40 - 45,57 have 
reported the presence of few plaques in this disor- 
der. In the present study, however, we have found a 
large number of diffuse plaques that were APP- 
negative. Comparative 0/A4 staining with the same 
immunohistochemical techniques and antibodies 
showed that staining on frozen tissue revealed more 
diffuse plaques/mm 2 in frozen sections than in par- 
affin sections. Moreover, plaques were stained more 
intensely in frozen tissue. Similarly, in AD brains, dif- 
fuse plaques could be visualised better in frozen 
tissue. Double labeling for j3/A4 and APP in frozen 
tissue did not show APP-positive cells or neuropil 



threads outside the 0/A4 deposits, with the excep- 
tion of the neurons. Together, the present findings 
suggest that previous reports about of APP-positive 
neurites outside the plaques 59 can be the result of 
less optimal staining of plaques. 

Conflicting reports exist about the. presence of 
APP in congophilic vessels. With the exception of 
the study of Ko et al, 60 most studies have reported 
the absence of APP in congophilic vessels in AD 
using a variety of antibodies. 51-53 A study of Taglia- 
vini et al 45 on cortices of patients with AD and pa- 
tients with HCHWA-D demonstrated the co- 
localization of APP and amyloid fibrils in congophilic 
vessels. However, no discrimination was made be- 
tween these two diseases. The novel finding in the 
present study is that congophilic vessels in the 
HCHWA-D brain exhibit much more APP immune 
reactivity compared to congophilic vessels in AD. In 
HCHWA-D, congophilic angiopathy is often severe 
and starts at an early age, in contrast to AD where 
congophilic vessels are not always found and ves- 
sels are less heavily affected. In addition, quantita- 
tive differences may exist between AD and 
HCHWA-D in the process of amyloid formation in 
congophilic vessels. The presence of APP in ves- 
sels may be a function of the time course of amyloid 
deposition. 

Previous studies have suggested that plaque 
amyloid derives from the vascular system. 45,61 In 
the present study, no relationship was found be- 
tween plaques and congophilic vessels in 
HCHWA-D nor AD consistent with other reports. 55,62 
Several differences between vascular and plaque 
amyloid have been described. 7,63 " 65 It has been 
suggested that diverse processing of the APP mol- 
ecule occurs in vessel walls and brain parenchyma 
due to tissue specific enzymes. 63 In a recent ultra- 
structural study 66 APP has been found in smooth 
muscle cells in leptomeningeal vessels, suggesting 
that smooth muscle cells could be the source of 
APP in congophilic angiopathy. On the other hand, 
a neuronal origin of plaque amyloid has been sug- 
gested in recent ultrastructural studies. 67,68 Differ- 
ences between plaque and vascular amyloid are 
supported by our findings that in HCHWA-D congo- 
philic vessels are immunoreactive for APP, whereas 
diffuse plaques are unstained. 

Reactive neurites, identified by tau antibodies or 
silver staining, are found in classical plaques and 
transitional forms but not in diffuse plaques. 19 - 53 In 
our opinion, APP-positive structures in some of the 
plaques are reactive neurites in a later stage of 
plaque formation. 0/A4 deposition is a necessary 
but not the sole basis for classical plaque forma- 



£/A4 Protein and Amyloid Precursor Protein 1455 

AJP 'May 1993, Vol. 142, No. 5 



tion. 69 - 70 In this regard, HCHWA-D can be used as 
a model for the study of different steps in plaque 
formation. As there are neither neuritic nor glial 
changes around the abundant diffuse plaques in 
HCHWA-D, our findings do not support the hypoth- 
esis of Kowall et at 71 that 0/A4 itself should produce 
neurotoxic changes in the neuropil. Perhaps other 
factors and/or conditions are present in AD, but 
lacking in HCHWA-D, that are necessary to promote 
0/A4 neurotoxicity. 

In conclusion, we report the absence of APP im- 
munoreactive structures in diffuse plaques both in 
AD and in HCHWA-D. This suggests that diffuse 
plaques in HCHWA-D can be used as a model to 
study very early stages in amyloid plaque formation 
without neuritic changes. Furthermore, we report a 
striking difference between HCHWA-D and AD con- 
cerning the co-localization of APP in congophilic 
vessels, suggesting that different processes occur 
in these two disorders. 
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In 1 1 of 1 1 inclusion-body myositis (IBM) patients, 
including one hereditary case, vacuolated muscle fi- 
ber* contained large and multiple small inclusions 
immunorwctitM! for amy to id protein (fc\P). All 
IBM muscle biopsies bad characteristic cytoplasmic 
tubulo -filaments (CTFs) by electron microscopy 
None of 14 control muscle biopsies contained the 
(1AP immunoreactive (IR) Incltisions characteristic 
of IBM. On the light microscopy level $AP*IR inclu- 
sions colocalized with ubiquiiin immunoreuctivity. 
By immunogoUl etectronmicroscopy $AF immuno- 
reactivity was localized to a) amorphous, poorly de* 
fined structures, b) dense floccular material, c) clus- 
ters of loosely packed amyloidlike fibrils 6-8 nm in 
diameter, and d) poorly defined loose fibrillar struc- 
tures 6S nm in diameter (W immunoreactive 
structures were often in proximity to CTFs, hut CTFs 
themselves never contained {WVft Our study pro- 
vides the first demonstration of §AP accumulations 
in abnormal human muscle. This finding suggests 
thai in addition to Alzheimer's disease, Down syn* 
drome, and Dutch-type hereditary cerebrovascular 
amyloidosis, $AP may play an important role in the 
pa&ogenesis of other diseases, including ones out- 
side the central nervous system, for example, IBM. 
(Am f Pathol 1992, M 1:3 1-36) 



Inclusion-body myositis (IBM) is diagnosed by a combi- 
nation of features. 1 - 6 Clinically adult-onset, usually spo- 
radic, progressive muscle weakness, thinning of the fore- 



arms, male predominance, and often a poor or no re- 
sponse to immunosuppression treatment are present. 
Light-microscopic (LM) pathologic features include: de- 
grees of inflammation varying from abundant to none; 
muscle fibers with rimmed vacuoles, which usually con- 
tain red-staining material with the modified trichrome re-. 
action 7 ; and a few atrophic angular, panesterase-dark 
muscle fibers, suggestive of a denervation component. 
By routine histochemistry, IBM can be difficult to distin- 
guish from polymyositis. Electronmicroscopy (EM) re- 
veals that abnormal muscle fibers contain cytoplasmic 
tubulo-filaments (CTFs), 15-21 nm external and 3-6 nm 
internal diameter these are the ullrastructural diagnostic 
criteria of IBM. 1 - 0 

Autosomal recessive "hereditary IBM" designates 
. rare patients with progressive muscle weakness, CTFs in 
vacuoles of abnormal muscle fibers, and atrophic muscle 
fibers, but no inflammation in the biopsy .°~ 10 The patho- 
genesis of these disorders and the origin of CTFs are 
unknown. 

We demonstrated in both sporadic and hereditary 
IBM that vacuolated muscle fibers contain strong ubiqu : 
itin immunoreactivity, which by immunoelectronmicro- 
scopy was localised to CTFs. 1 1 ■ 1 2 It has also been showr. 
chat the vacuolated muscle fibers contain Congo-rec 
positivity indicating amyloid, IJ but the type of amyloid 
protein was not identified. Because (J-amyloid protein 
(pAP) is localized in ubiquitinated senile plaques in the 
Alzheimer's disease (AD) brain, 1 *" 17 we investigated 
whether in IBM muscle biopsies pAP is a constituent of 
the amyloid deposits that coexist with ubiquitin in vacuo- 
lated muscle fibers. 
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Material and Methods 

Patients 

PAP immunolocalization was performed in diagnostic 
muscle biopsy sections from 25 patients, ages S-73 
years, with the following diagnoses: sporadic IBM, 10; 
autosomal-recessive hereditary IBM in an Iranian Jew, 1; 
polymyositis, 7; Duchenne muscular dystrophy, 1; amy- 
otrophic lateral sclerosis, 4; normal muscle, 2. The me- 
dian age of IBM patients was 64 years and the median 
age of the ixhvIBM controls was 60 years. Diagnosis of 
all patients was based on clinical, laboratory, muscle- 
biopsy 18-reaction histochemistry, 18 and ultrastructural 
studies. All IBM patients had CTFs by electronmicro- 
scopy and ubiquitinated inclusions by immunocyto- 
chemistry. AH patients with sporadic IBM. except the 
patient with hereditary IBM, had crystal-violet positive 
(metachromatic red) amyloid inclusions 19 in vacuolated 
muscle fibers. Crystal-violet positive amyloid inclusions 
were also positive with thioflavine S. 



gated lo 10-nm gold (Amersham, Arlington Heights, IL). 
Then the sections were fixed in paraformaldehyde- 
glutaraldehyde, postfixed in osmium, and embedded in 
situ in the Petri dish according to our method for cultured 
muscle.* 4 After being embedded, the section in the dish 
was viewed under phase-contrast microscopy and com- 
pared with an adjacent cross-section that had been 
stained with crystal violet to visualize metachromatic-red 
amyloid inclusions. The same muscle fibers that con- 
tained amyloid-positive inclusions in vacuoles with the 
crystal violet stain were identified in the adjacent gold- 
labeled Epon-embedded section. From the latter, a small 
(l-mm diameter) area containing the identified fiber (or 
fibers) was marked with a modified 16-gauge needle at- 
tached to the microscope. 25 The Epon disk was removed 
from the dish, and the marked areas were cored-drilled 
out as described. 24,25 The drilled-out cores, each con- 
taining at least one vacuolated muscle fiber, were 
mounted in an Epon blank block. 85 trimmed, and thin- 
sectioned. The thin sections were counterstained with 
uranyl acetate lead citrate, and examined by EM. 



Immunocytochemistry 

Light microscopic immunocytochemistry was done on 
10-mjti transverse sections of fresh-frozen muscle biop- 
sies, using peroxidase-anliperoxidase (PAP) and fluores- 
cence stainings, following the same general procedures 
as described. 11 * 20 Two well-characteri2ed antibodies 
were used: 1) mouse monoclonal antibody G-OP-1. di- 
rected against sequence 8-17 of p-amyloid synthetic 
peptide, 31 diluted 1:200; and 2) rabbit polyclonal anti- 
body R1280, directed against sequence 1-40 of the syn- 
thetic peptide, 22 diluted 1 -2000. Ubiquitin (Ub) was local- 
ized with a monoclonal antibody, clone 042691 GS 
(Chemicon, Temecula. CA), diluted 1 :20. In our previous 
study, this antibody proved to be specific and produced 
the same results as several other well-characterized 
monoclonal and polyclonal Ub antibodies. 11,12 23 Double 
immunolocalization of pAP and Ub was performed using 
fluorescence staining, as we have described. 20,23 

Specificity of PAP immunoreactivity was determined 
by: a) omitting the primary antibody, b) replacing the pri- 
mary antibody with non-immune serum, and c) absorb- 
ing the primary monoclonal antibody with synthetic pAP 
peptide sequence 8-1 7. 

For eiectronmicroscopic (EM) immunocytochemistry, 
pAP was localized on 10-M-m unfixed frozen sections ad- 
hered to the bottom of 35-mm Petri dishes, according to 
our method for ultrastnjctural localization of Ub immuno- 
reactivity. V After 48 hours of incubation in the monoclo 
nal antibody against pAP, sections were incubated 69- 
72 hours in diluted goat anii-mouse^gG serum conju- 



Results 

Light Microscopy 

Vacuolated muscle fibers of sporadic and hereditary IBM 
biopsies contained dark pAP-lR inclusions within large 
and small vacuoles (Figure 1). In these positive patients, 
PAP-IR inclusions were present in almost 100% of their 
vacuolated fibers. The pAP-IR inclusions had an amor- 
phous partem and were located subsarcolemmally or 
more internally in the fibers. At a given cross-sectional 
level, in hereditary IBM the inclusions tended to be larger 
and single, whereas in sporadic' IBM they were often 
small and multiple throughout the fiber (Figure 1 ). In some 
abnormal and highly vacuolated muscle fibers, pAP-IR 
accumulations appeared lo be extending outside the 
boundary of the muscle fiber. In sporadic IBM. rarely 
were there nonvacuolated muscle fibers containing a thin 
subsarcolemmal rim of pAP-IR (Figure 1 A). In the hered- 
itary IBM biopsy, some muscle fibers contained a strong, 
wide subsarcolemmal pAP accumulation that extended 
to the interior of the fiber (Figure 1G). Comparison of the 
immunolocalization of UB and pAP after double immuno- 
staining showed that Ub-IR was colocalized with PAP-lR 
in all pAP-positive fibers (Figure 1E-H). 

When the primary antibody was omitted, absorbed, or 
replaced by a nonimmune serum, the immunoreaction 
did not take place. 

One hundred percent of the crystal-violet positive 
muscle fibers had pAP-IR. However, 100% of the pAP- 
posiiive muscle fibers in hereditary IBM and 1 .5% of the 
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Figure 1. U#ht ntUroscupic /intunnticytn. 
djemishy of HlM musctn hioftskx. A,B: 7'.W 
reaction. C.D: Mtmrusamt staining, all uf 
immunttntciclwih* in t'acttolah'd tHttx/v 
film of ywadic MM. x/JW. E-H: ftouMtt 
immuHtj&dhMtu for (E.G) and tthui- 
t ut i* i (F,H). $M* is fwafisctf ivilh 7 caw red 
and uhniiittOt trtth xrwti i'T/d: (E t F) ,yjn. 
radic HIM x (G,H) hvredlnay MM 
X.S7.J. Vmtc is dose coloatlizctiion Ihitwettii 
$AI* nmi uhiq«i(itt in (E,F) tout (G,H). 




(iAP-positive muscle fibers in sporadic IBM were crystal- 
violet negative. None of the biopsies of seven patients 
with polymyositis and none ol the other control patients' 
biopsies had the J1AP-IR inclusions that were character- 
istic of IBM. 

EM Immunocytochemistry 

Most of the structures immunodecorated by the 0AP an- 
tibody consisted of irregular clusters of nearly amorphous 
mat rial; those structures were either irregular or rounded 
(Figure 2A-C.F.I), In such structures. pAP was localized 
either throughout the entire area or on the looser periph- 
eral parts that aggregated into short thin fibrils 6-6 nm in 



diameter. (3AP-1R was also present on poorly defined 
dense, ftoccular material (Figure 2D.E). Amorphous 
structures intensively immunodecorated by 3AP anti- 
body were sometimes seen close to CTFs; however, 
fiAP-lR was never seen on ihem (Figure 2F). Inside some 
of the muscle fibers, large clusters ol loosely packed 
amyloid-like fibrils 6-8 nm in diameter had small patches 
of pAP-iR (Figure 2G). Also immunodecorated by pAP 
antibody were some loose fibrillar structures (Figure 
2H.J). All of these pAP-IR structures seemed io be lo- 
cated inside the muscle fibers. In addition, outside of ab- 
normal muscle fibers, small patches of pAP-IR material 
were present lying in the extracellular space and inter- 
mingled with collagen fibers. 
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D/scuss/on 

TTiis study provides, to our knowledge, the first demon- 
stration ot pAP accumulation in diseased human skeletal 
muscle. It thereby indicates that 0AP accumulations are 
not exclusively in AD. Down syndrome. Dutch-type he- 
reditary cerebrovascular amyloidosis, and advanced 
age. 

pAP was discovered in and first sequenced from the 
amyloid fibrils in blood vessels of AD patients. 26 Subse- 
quently, it was also isolated from senile plaques of AD 
brain. 3r,3B pAP has received considerable attention re- 
garding the pathogenesis of AD. 16,17,29 PAP is com- 
posed of a 4 kda polypeptide, which is produced by 
proteolytic cleavage of the much larger amyloid precur- 
sor protein. 16/1730 
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gold fxirticlcs are on floCCufar material. 
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(D) xG7.0OO:{E) * 59.000; (F) X43,000;(G) 
X43.0O0: (H) XXi/iOO; (1) X&2 t OV0t (J) 



In AD brain, £AP deposits occur in: a) typical Congo- 
red positive senile plaques composed mainly of 8-nm 
diameter amyloid fibrils and dystrophic neurites, and b) 
so-caited diffuse "pre-amyloid" plaques that are Congo- 
red negative and do not contain typical amyloid 
fibrils. 31 - 32 (Congo-red positivity in the form of anisotropic 
dichroism and crystal-violet positivity in the form of a 
metachromatic red color are indicators of amyloid, and 
presumably are based on its p-pleated sheet config- 
uration; they do not indicate the specific type of protein 
composing the amyloid.) In AD brain, the Congo-red- 
negative but PAP-positive plaques are considered to be 
an early pathologic change. 29 Another characteristic of 
the AD brain, intraneuronal neurofibrillary tangles (NFTs). 
which are composed of 10-nm paired helical filaments 
(PHF). lack pAP-IR 15 * 1729,33 (although extracellular 
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"ghost" IMTFs do contain pAP-IR. 15 - 33 Ubiquitin-IR is 
present not only in both kinds of plaques, Congo-fed- 
positive and negative, but also in the intraneuranal 
NFTs. 14 ' 15 ' 32 ' 34 Similar abnormalities to those in AD brain 
occur in brains of older patients with Down syndrome 
and to a slight extent in advanced aging. 16 - 1729 

Because in both IBM muscle and AD brain the amy- 
loid accumulations are immunoreactive with pAP and Ub, 
they may result from similar cellular events. Electron mi- 
croscopically, the 3AP-IR in IBM is present in structures 
similar ro those described as 3AP-positive in AD brain. 15 

Even though by light microscopy PAP-IR and Ub-IR 
are closely cokxalized in IBM muscle fibers, the spatially 
intermixed abnormal subcellular organelles by electron 
microscopy show differences: 15-21-nm diameter CTFs 
are strongly positive for ubiquitin-IR but negative for pAP- 
IR, whereas the 6-$-nm amyloid-like filaments have 
prominent pAP-IR (their ubiquitin status has not yet been 
clarified). 

Some muscle fibers had pAP-positive accumulations 
but, because they were crystal-violet and thioflavin-S 
negative, apparently did not contain amyloid in p-pleaied . 
sheets. Those muscle fibers, widely prevalent in our one 
case of hereditary IBM, may represent early changes of 
IBM and therefore be analogous to the finding in AO 
brains where PAP accumulations in the "diffuse" Congo- 
red-negative plaques seem to represent early 
changes. 29 

The presence of PAP accumulations deeply internal in 
some muscle fibers suggests their intracellular origin. In 
other vacuolated muscle fibers, the origin of the pAP 
seems less certain because the fiber appears fragile and 
the surface membrane might have been transiently bro- 
ken, such that pAP could have moved in from outside the 
muscle fiber. By EM, some of the vacuolated fibers con- 
tained, seemingly within muscle fibers, a few PAP-IR fil- 
aments intermingled with collagen fibrils. Because colla- 
gen fibrils are an extracellular component, those pAP fil- 
aments may have been generated inside the muscle but 
become intermixed with exogenous collagen fibrils that 
had entered through a broken surface membrane, or 
both may have been generated outside of the fiber, 

Future studies will be required to determine the pre- 
cise origin and pathogenic steps of abnormal pAP accu- 
mulation in IBM muscle. Important questions are: a) is 
PAP in IBM-muscle produced intracellular^ or is it trans- 
ported from me extracellular region, or both; b) is amyloid 
precursor protein increased in abnormal muscle fibers; 
c) is the Immunoreactive pAP protein of IBM derived 
from, or does it have homology with, another normal cel- 
lular protein, and if so, which one; d) because CTFs (like 
the intraneuronal NFTs in AD brain ,4 ' 1s ) contain Ub- 
immunoreactMty 11 but not pAP-immunoreacrivity, does 
PAP have any relationship to CTF protein; and e) do pAP 



accumulations occur in any other muscle diseases that 
we have not yet studied? 

Because the accumulations of pAP in IBM muscle 
and AD brain have many similar features, their pathogen- 
esis may be similar. Accordingly, detailed molecular 
studies of pathogenic mechanisms in the more readily 
accessible biopsied living IBM muscle (as compared 
wilh brain), including use of cultured IBM muscle biop- 
sies. 35 could be advantageous for understanding both 
diseases. 
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Cerebral amyloid angiopathy (CAA) is the term 
used to describe deposition of amyloid in the walls 
of arteries, arterioles and, less often, capillaries and 
veins of the central nervous system. CAAs are an 
important cause of cerebral hemorrhage and may 
also result in ischemic lesions and dementia. A 
number of amyloid proteins are known to cause 
CAA. The most common sporadic CAA, caused by A0 
deposition, is associated with aging and is a common 
feature of Alzheimer disease (AD). CAA occurs in 
several familial conditions, including hereditary 
cerebral hemorrhage with amyloidosis of Icelandic 
type caused by deposition of mutant cy statin C, 
hereditary cerebral hemorrhage with amyloidosis 
Dutch type and familial AD with deposition of either 
Ap variants or wild-type Ap, the transthyretirwelated 
meningovascular amyloidoses, gelsolin as well as 
familial prion disease-related CAAs and the recent- 
ly described BRI2 gene-related CAAs in familial 
British dementia and familial Danish dementia. This 
review focuses on the morphological, biochemical, 
and genetic aspects as well as the clinical significance 
of CAAs with special emphasis on the BRI2 gene- 
related cerebrovascular amyloidoses. We also dis- 
cuss data relevant to the pathomechanism of the 
different forms of CAA with an emphasis on the 
most common Appelated types. 

Brain Pathol 2002;12:343-357. 

Introduction and Historical Perspective 

Cerebral amyloid angiopathy (CAA) is a generic 
morphological term describing the pathological 
changes occurring in cerebral blood vessels resulting 
from deposition of amyloid proteins of different ori- 
gins. Amyloid is the characteristic product of a protein 
conformational disorder resulting in aggregation, and 
finally, formation of highly insoluble fibrils. Proteins with 



the ability for aggregation and polymerization can form 
amyloid fibrils, which are rich in protein species with p- 
pleated shett conformation. There are over 20 known pro- 
teins or their proteolytic products, which form subunits 
that assemble into amyloid fibrils, but only a proportion 
of these proteins deposit in the parenchyma and/or 
blood vessel walls of the central nervous system (CNS) 
(32). Amyloid proteins are represented by either wild type 
or mutated proteins. Mutations may lead to either 
amino acid substitutions, truncation or elongation of 
precursor proteins, from which smaller amyloid pro- 
teins are cleaved (Table 1). 

The first description of CAA in brains of elderly 
individuals comes from Scholz in 1938 (105), and the 
presence of CAA was soon confirmed to be a feature of 
both typical and atypical forms of Alzheimer's disease 
(for review, see 96). A further interest in CAA arose 
when it was recognized that this pathology may be 
responsible for a significant proportion of cerebral 
hemorrhages occurring in non-hypertensive individu- 
als (122). Further forms of familial CAA-related cerebral 
hemorrhage such as hereditary cerebral hemorrhage 
with amyloidosis Icelandic type (HCHWA-I) (12, 67) and 
hereditary cerebral hemorrhage with amyloidosis Dutch 
type (HCHWA-D) (65) have also been described. A sci- 
entifically significant aspect of CAAs is that the strate- 
gy, employing extraction of amyloid fibrils from affect- 
ed leptomeningeal blood vessels for the identification of 
the amyloid protein and subsequently the underlying 
genetic defect, has been a rather fruitful approach. The 
first amyloid protein to be identified in CAA was cystatin 
C in HCHWA-I using this approach. This strategy has also 
resulted in the discovery of the biochemical and genet- 
ic abnormalities of a number of other neurological con- 
ditions with extensive CAA including HCHWA-D (65) 
and the BRI2 gene, or chromosome 13-related, demen- 
tias (119, 121). Extracted amyloid fibrils from affected 
leptomeningeal vessels also led to the discovery of the 
A3 peptide (36). 

In this paper we review the major morphological and 
clinical features of CAAs including sporadic, AD-relat- 
ed, and hereditary forms with an emphasis on the 
recently discovered BRI2 gene-related cerebrovascular 
amyloidoses. We also discuss the pathomechanism of 
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Table 1. Sporadic and hereditary cerebral amyloid angiopathies (CAAs). 

SCAA = Sporadic cerebral amyloid angiopathy; AD = Alzheimer's disease; HCHWA-D = Hereditary cerebral hemorrhage with amy- 
loidosis-Dutch type; FAD = familial Alzheimer's disease; HCHWA-I = Hereditary cerebral hemorrhage with amyloidosis-lcelandic type; 
FAP/MVA = Familial amyloid polyneuropathy/meningo-vascularamyloidoses; FAF = Familial amyloidoses Finnish type; PrP-CAA = 
Prion disease with cerebral amyloid angiopathy; FBD = Familial British dementia; FDD = Familial Danish dementia; A^PP-Amyloid- 
p precursor protein gene; PS1 - presenilin-1 gene; PS2-presenilin-2 gene; CYST C = Cystatin C gene; TTR = Transthyretin gene; 
GEL = Gelsolin gene; PRNP= Prion protein gene; BRI2 = BRI2 gene; A0 =Amyloid-p protein; ACys = Amy loid-cystatin C; ATTR = 
Amyloid-transthyretin; AGel =Amyloid-gelsolin; APrP = Amyloid-Prion protein; ABri = Amyloid-Bri; ADan = Amyloid-Dan. 



CAA with particular reference to the most common A|J- 
related forms. 

Morphological Aspects 

In CAA, irrespective of the type of amyloid protein 
deposited, an acellular thickening of the arterioles, 
small- and medium-sized arteries, and less often, of 
capillaries and veins is characteristic. CAA usually 
affects leptomeningeal arteries and cortical arterioles, but 
there are exceptions to this general rule (see below). 
The positive staining of amyloid-laden blood vessels 
with the Congo red dye with an apple-green color in 
polarized light and with Thioflavin S or T when the 
deposits are fluorescent, is considered specific as both 
methods are dependent on the presence of the 0-pleat- 
ed secondary structure characteristic of amyloid (Figure 
1 A, E; Figure 3 A, B; Figure 5 A , B; Figure 6C, F). The 
evolution of amyloid deposition has been most exten- 
sively studied in sporadic CAA. The amyloid primarily 
deposits in the abluminal portion of the tunica media and 
adventitia with a tendency to appear first around 
smooth muscle cells (122). A simple 3-tiered grading sys- 
tem has been recommended for the pathological sever- 
ity of CAA recognizing "mild," "moderate," and 
"severe" involvement (127). In "mild" disease, amy- 
loid is restricted to the media of otherwise normal ves- 



sels; in "moderate" CAA, the smooth muscle cells are 
mainly lost and amyloid is arranged in a band with a retic- 
ular or radial structure; in "severe" CAA, the vascular 
architecture is severely disrupted with "double-barreling" 
and microaneurysm formation. Fibrinoid necrosis of 
the vessel wall and evidence of perivascular leakage of 
blood may be seen in "severe" CAA (75, 125). 

Ultrastructurally, amyloid fibrils in blood vessels 
appear as interwoven bundles of 10 nm filaments, 
which are rather short and arranged in a disorderly way 
(Figure 4). In vessels showing early changes of CAA, the 
distribution of the amyloid fibrils may be restricted to the 
outermost part of the basement membrane at the media- 
adventitia border in arteries and mostly in the outer por- 
tion of the basement membrane around intact smooth 
muscle cells in smaller sized vessels. Once the deposits 
have become larger they occupy the abluminal part of the 
basement membrane and adjacent smooth muscle cells 
may also show degenerative features (47, 87). The 
walls of blood vessels severely affected by CAA may be 
replaced entirely by bundles of such fibrils with loss of 
smooth muscle cells and a tendency for the amyloid fib- 
rils to radiate from affected capillaries or small arteries 
into the surrounding neuropil (97,137). However, the 
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Figure 1 . CAA in a case with variant familial Alzheimer's disease 
with cotton wool plaques caused by mutation of presenilin-1 
(AI83/AM84). A. Congo red preparation showing staining of 
vessel walls with (E) apple-green birefringence in polarized 
light. Please note the absence of staining in the cotton wool 
plaques. B. An anti-Ap antibody recognizing amino acids 1 7-26 
stains arteriolar and capillary amyloid together with plaques in 
cerebral cortex (objective 20). C. A(J42 is deposited in both 
plaques and blood vessels, while (D) Ap40 predominantly 
deposits in the latter. F and G. Amyloid-associated proteins 
apoiipoprotein E and apolipoprotein J are also present prima- 
rily in the amytoid-laden blood vessels and deposition of C1 q 
shows a similar pattern (H). (A-H objective x20) 

endothelial cells tend to be preserved even at this 
advanced stage of the disease process. 

Sporadic forms of CAA. CAA is a common neu- 
ropathological finding in the brains of elderly individu- 
als with or without evidence of Alzheimer's disease 
(AD), and not only its incidence but both its extent and 
severity steadily increases with age (8, 19, 20, 35, 74, 82, 
114, 123). In one seminal study, CAA was found in 
36% of individuals over 60 years of age and 46% of those 
over 70 (123). In another study, the frequency of CAA 
varied between 8% (age 60-69) and 58% (age over 90) 
(114). The close association between CAA and AD has 
been shown by several studies demonstrating that CAA 
is present in over 80% of AD cases, and according to one 
such study, the CAA is moderate to severe in a quarter 
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Figure 2. Mutations, amyloid precursor proteins and amyloid pep- 
tides in the BRI2 gene-related diseases. Familial British 
dementia is characterized by a point mutation while in familial 
Danish dementia there is a decamer duplication. Both mutations 
abolish the stop codon resulting in extended precursor pro- 
teins from which the amyloid peptides ABri and ADan are 
cleaved. 

of all the AD brains examined (8, 1 9, 20, 74, 1 27). In this 
latter group, a significantly higher frequency of hemor- 
rhages or ischemic lesions was observed compared with 
those showing little or no amyloid angiopathy (19). In 
sporadic and AD-related CAA, amyloid deposition usu- 
ally takes place in leptomeningeal and cortical small 
arteries and arterioles; when this is significant, the 
occipital lobe tends to be more severely affected than 
other cortical areas (114, 123). While CAA may be sig- 
nificant in the cerebellum, areas such as the white mat- 
ter, basal ganglia, and most of the thalamus are usually 
spared (85). The most severe clinical consequence of 
CAA is cerebral hemorrhage, and according to autopsy 
series, 12 to 15% of all cerebral hemorrhages in the eld- 
erly are of this type (52, 63). The high incidence of 
CAA in AD explains the relatively common (over 5%) 
occurrence of CAA-related hemorrhage in AD brains 
(19). In addition to hemorrhage, CAA is known to be 
associated with a number of other clinical syndromes, 
including transient neurological symptoms — explained 
by some as local seizure or spreading depression due to 
small cortical hemorrhages (41) — and also CAA-asso- 
ciated vasculitis, triggered by vascular A0 (4, 34). CAA 
may be a cause of dementia with white matter patholo- 
gy of the Binswanger's disease type in the background 
(40, 124). However, co-existent AD is a much more 
common cause of dementia in sporadic CAA, which is 
explained by the closely related biologies of the two 
conditions (41). 
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Figure 3. A and B. A small white matter artery affected by 
severe congophilic angiopathy in familial British dementia. (C- 
G) ABri, C1q, apolipoprotein E, apotipoprotein J and amyloid P 
component are co-localized. H. Activated, MHC Class 1 1 -posi- 
tive microglia in relation to the same amyloid-laden blood ves- 
sel (A-H objective x20). 




Figure 4. Haphazardly arranged amyloid fibrils, immunogold 
labeled with an antibody to ABri, expand the basal lamina of a 
small arteriole (original magnification x6600). 



Ap, the amyloid subunit in sporadic and AD-related 
CAAs is a modified, pathogenic form of soluble 
(sAp), which is a constitutive, host protein. Although the 
2 proteins have identical sequences, they differ in their 
secondary structure and physicochemical properties. As 
opposed to sAp beta, Ap is particularly resistant to 
degradation, and by adopting a p-pleated sheet confer- 



Figure 5. A and B. Amyloid-laden arterioles and capillaries 
due to (C) deposition of ADan. D. Many of the blood vessels also 
contain Ap. E-H. Apolipoprotein E, apolipoprotein J, amyloid P 
component and C1q are also co-localized (A-H objective x20). 

mation, readily aggregates and forms fibrils (23). 
Immunohistochemical and biochemical studies have 
demonstrated that although the predominant peptide 
species is Ap^ in sporadic C AA as well as CAAs relat- 
ed to sporadic or familial AD and HCHWA-D (see 
below), Ap 42 is also deposited (11, 39, 53, 78, 101) with 
higher Ap 42 to Ap„ ratios in cortical than in lep- 
tomeningeal vessels (101) (Figure 1 B-D). In addition, 
N-terminally truncated Ap species with a potential for 
enhanced aggregation are also present (54, 95, 113). 
Although the Ap peptide species are primarily deposit- 
ed as amyloid to form CAA, monomelic and oligomer- 
ic forms of the peptide are also found between and 
within the cytoplasm of smooth muscle cells in blood ves- 
sels (22). 

The e4 allele of the ApoE gene has emerged as a risk 
factor not only for sporadic and late onset familial AD 
(103, 109), but also for sporadic as well as AD-related 
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Figure 6. A-C. Confocal images showing co-localization of ABri and Thioflavin S in a small hippocampat vessel with a perivascu- 
lar plaque, confirming that the amyloid protein is in 0-sheet conformation in this lesion (objective x25). D-R Although ADan co-local- 
izes with Thioflavin S in blood vessels of the subiculum, parenchymal ADan deposits are mostly Thioflavin S negative (preamyloid) 
(objective x10). G-I. Hippocampal vessels showing a close overlap of ADan and Ap staining patterns (objective x25). 



CAA (42, 92, 99, 104). In addition, inheritance of the 
ApoE e2 allele has been shown to be associated with 
CAA-related brain hemorrhage in both AD and non-AD 
patients (42, 43, 81, 88, 99) The molecular and bio- 
chemical mechanisms by which ApoE influences depo- 
sition of Ap in blood vessels and parenchyma remains 
to be fully understood. There are morphological data to 
suggest that deposition of ApoE may be the initial step 
in the disease process followed by deposition of Ap in 
blood vessel walls and parenchyma (136). However, the 
most common finding is the co-localization of ApoE 
with Ap in amyloid lesions (109, 133) (Figure IB, F), and 
the amount of Ap*, deposited in both brain parenchyma 
and blood vessels closely correlates with increased 
copy number of ApoE e4 alleles (76, 99). The validity of 
this latter observation is also underpinned by a study, 
which — addressing the issue of progression of sporadic 



CAA from "mild" to "severe" form — demonstrated not 
only that this process occurs as a result of progressive 
accumulation of amyloid, primarily Ap^, but is also 
enhanced by the presence of ApoE e4 (3). 

There are also now ample experimental in vitro and 
in vivo data to support the notion that there are critical 
interactions between ApoE and Ap. These include those 
suggesting that ApoE influences the conformation and 
clearance of Ap in an isoform and species-dependent 
manner (5, 49, 137). 

Hereditary CAAs. HCHWA-D and familial AD. 
CAA is a common feature of familial AD caused by 
mutations of the amyloid- p precursor protein (ApPP) 9 
presenilin-J, or presenilin-2 genes. The mutations of 
ttieApPP gene, which is located on chromosome 2 1 , are 
within or just outside the region encoding for the Ap pep- 
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tide (37, 57). As a general rule the clinical phenotype of 
those mutations found within the coding region of Ap 
includes strokes while those outside this region are 
associated with a more typical AD-type clinical picture 
(23). The first mutation described in the AfiPP gene 
was found within the Ap region in the autosomal dom- 
inant condition HCHWA-D (65). In this condition cere- 
bral hemorrhage is characteristic and is fatal in about two- 
thirds of the patients with the rest developing multiple 
strokes resulting in dementia of the vascular type (9). 
Neuropathologically, severe deposition of amyloid 
affecting leptomeningeal and cerebral cortical arteries as 
well as arterioles, and to a lesser extent the cerebellum, 
is characteristic. Heterogeneous parenchymal Ap 
deposits of the diffuse plaque type are also present, but 
dense plaque cores and neurofibrillary tangles are 
absent (71). The amyloid subunit in HCHWA-D is 
homologous to Ap (see below) containing a single 
amino acid substitution (glutamine for glutamic acid) at 
position 22 corresponding to position 693 in the precursor 
ApPP (65, 116). It has been shown that vascular amyloid 
deposits in HCHWA-D are composed of both the wild- 
type Ap peptide and the AP-Q22 variant (98), which 
forms fibrils at a more accelerated rate than wild-type Ap 
and is toxic for cerebral smooth muscle cells as well as 
endothelial cells (24, 84). Apart from the Dutch mutation, 
others located within the Ap sequence, corresponding to 
codons 692-694 of ApPP, are also associated with 
extensive CAA. The clinical phenotype of the A692G 
Flemish mutation (46) and of the E693K (Italian) muta- 
tion (1 12) is characterized by dementia as well as cere- 
bral hemorrhage, while dementia is typical for the Arc- 
tic, E693G mutation (89). The D694N mutation, 
described in an Iowa pedigree, is associated with 
dementia in combination with leukoencephalopathy 
due to severe CAA (38). 

Severe CAA is not limited to pedigrees with partic- 
ular ApPP mutations. In the Volga-German family with 
AD due to the N141I mutation in the presenilin-2 gene 
(64) severe CAA is a prominent feature, and in one 
case, cerebral hemorrhage is documented (90). Some 
of the presenilin-1 mutations are also associated with 
marked CAA (18, 128, 132, 138). It has recently been 
suggested that in cases with presenilin-1 mutations 
occurring after codon 200, excessive CAA is a distin- 
guishing feature (77). In cases with A9 and AI83/AM84 
(Figure 1) mutations of the presenilin-1 gene, associat- 
ed with variant AD with spastic paraparesis and cotton 
wool plaques, extensive CAA is also present (16, 50, 
108). 



Cystatin C-related familial CAA, HCHWA-I. 
HCHWA-I, documented in a number of families living 
in Western Iceland, is an autosomal dominant disorder 
characterized by severe amyloid deposition within 
small arteries and arterioles of leptomeninges, cerebral 
cortex, basal ganglia, brainstem, and cerebellum (44, 
55). Although cerebral involvement is the main clinico- 
pathological feature, asymptomatic amyloid deposits 
are also present in peripheral tissues such as skin, lym- 
phoid tissues, salivary glands, and testes (6, 69). About 
half of the affected individuals present clinically with a 
fatal cerebral hemorrhage between 20 to 39 years of 
age and cognitive decline with dementia may occur in 
those who survive the hemorrhagic episodes. The amy- 
loid protein deposited in blood vessel walls is 110- 
residues-long and derived from a mutated form of cys- 
tatin C, which contains an amino acid substitution as a 
result of a single nucleotide change (A for T) at codon 
68 of the cystatin C gene located on chromosome 20 (30, 
67). Cystatin C, produced by many cells (including cor- 
tical neurons), is a low molecular weight protein 
belonging to the type II family of cysteine protease 
inhibitors (30). It is normally present in biological flu- 
ids and in HCHWA-I patients low levels of cystatin C can 
be demonstrated in the cerebrospinal fluid (CSF) (1, 
69). A role for cystatin C in the pathogenesis of other 
amyloidoses was suggested by the observation that it co- 
localizes with Ap in parenchymal and vascular amy- 
loid deposits in AD (68) and that a polymorphism in the 
cystatin C gene may confer a greater risk of developing 
AD (15, 21). 

CAA and transthyretin (meningovascular amyloi- 
doses). Inherited amyloidoses of the transthyretin 
(TTR) gene are late onset autosomal dominant conditions 
characterized by deposition of TTR in the extracellular 
space of several organs (7, 33). TTR is a carrier protein 
for thyroid hormone and retinol-binding protein in plas- 
ma and CSF (102). Variant proteins due to mutations of 
the TTR gene, located on chromosome 1 8 are associat- 
ed with amyloid deposition, which has also been docu- 
mented with wild-type protein (120, 130). The most 
common clinical phenotype is peripheral sensorimotor 
neuropathy, which is often associated with autonomic 
neuropathy (7). Involvement of peripheral organs is a 
common feature and amyloid deposition can also take 
place in the vitreous, leptomeninges, and meningeal 
vessels in some of the variants (7, 94). In the Hungari- 
an (Dl 8G) and Ohio pedigrees (V30G), the clinical and 
pathological involvement of the meninges and brain 
parenchyma is prominent, and in the affected members 
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of the former family the peripheral nerves, organs, and 
eye are uninvolved (25, 94, 120). 

CAA and gelsolin (Familial amyloidosis - Finnish 
type). Familial amyloidosis-Finnish type (FAF), or gel- 
solin-related amyloidosis occurring worldwide, is a rare 
autosomal dominant condition caused by G654A or 
G654T point mutations of the gelsolin gene (45, 60, 
66). The clinical presentation is characterized by oph- 
thalmologic, neurologic, and dermatologic manifestations 
although other symptoms and signs may also be present 
due to systemic involvement (60). Pathological studies 
have shown that deposition of gelsolin amyloid takes 
place in basement membranes and prominent amyloid 
angiopathy can affect nearly every organ, including the 
CNS (60, 62). A study of Finnish cases with G654A 
mutation demonstrated extensive CAA affecting 
meningeal, cerebral, and spinal blood vessels (62). Gel- 
solin, an actin-binding protein, occurs in an 80 kDa 
cytoplasmic and an 83 kDa plasma form, generated 
from a single gene located on chromosome 9. The 
secretory form of gelsolin is the sole source of amyloid 
in gelsolin-related amyloidosis, which is composed of gel- 
solin fragments spanning positions 173-243 or 173-225 
(28, 79). These protein fragments with amino acid sub- 
stitutions are highly amyloidogenic (80). 

CAA and prion protein (PrP). In prion diseases 
caused by infectious prions, the crucial event is recruit- 
ment and conversion of cellular PrP (PrP 0 ) to the path- 
ogenic isoform (PrP 50 ), limited proteolysis of which 
results in a smaller molecule capable of polymerizing into 
amyloid (100). Of the human prion diseases, which 
include Creutzfeldt- Jakob disease (CJD), fatal familial 
insomnia, kuru, variant CJD, and the Gerstmann- 
Straussler-Scheinker syndrome (GSS), deposition of 
PrP amyloid in blood vessels causing CAA is docu- 
mented only in one pedigree with GSS. This variant is 
characterized by a T to G mutation at codon 145 of the 
PRNP 9 resulting in a newly formed stop codon 
(Y145STOP), which replaces the normally occurring 
tyrosine at this site. The Y 145 STOP mutation results in 
the production of an N- and C-terminally truncated 
form of PrP consisting of 70 amino acids (26). This par- 
ticular form of GSS is neuropathologically characterized 
by deposition of CNS vascular amyloid, immunoreactive 
with anti-PrP antibodies, in combination with neurofib- 
rillary degeneration. CAA mainly affects the small- and 
medium-sized vessels of the cerebral and cerebellar 
grey matter, while the leptomeningeal vessels are less 
severely affected. Blood vessels of the brainstem or 
white matter are rarely affected. The presence of 
perivascular deposits of PrP is also prominent. The cap- 



illary involvement is such that the full thickness of 
affected vessels is usually replaced with PrP amyloid, 
which is restricted to the adventitia of affected arterioles 
with relative sparing of the media (26). 

Chromosome 13 -related CAAs. Familial British 
dementia (FBD) and familial Danish dementia (FDD) are 
novel forms of cerebral amyloidosis with extensive 
CAA. 

FBD is the current term (119) for a rare autosomal 
dominant condition occurring in 3 British pedigrees, 
originally described as familial presenile dementia with 
spastic paralysis ( 1 35, 1 34). It is of historical interest that 
the first pathological description of FBD in 1940 repre- 
sents the earliest description of CAA in the English lan- 
guage medical literature (134). FBD is clinically char- 
acterized by progressive dementia, spastic tetraparesis, 
and ataxia (83, 97). Cerebral hemorrhage is relatively rare 
in comparison with some other familial cerebrovascular 
amyloidoses (83, 97). 

FDD was first described using the term heredopathia 
ophthalmo-oto-encephalica in members of a single 
Danish pedigree (111,110). The disease presents in the 
third decade of life with cataract and ocular hemor- 
rhages, followed some 1 0 to 20 years later by severe per- 
ceptive hearing loss. After the age of 40, cerebellar 
ataxia commences followed by psychiatric disturbance 
and progressive dementia (48, 1 1 0, 1 2 1 ). 

We have described mutations in the BRI2 gene, also 
known as ITM2B, located on chromosome 13, associat- 
ed with FBD and FDD (1 19, 121). The wild type BRI2 
gene encodes a type II, single-spanning transmembrane 
protein (BriPP), which is composed of 266 amino acids. 
In FBD, a T— »A mutation of the BRI2 stop codon 
results in an extended precursor protein 277 amino 
acids in length (ABriPP) (119). In contrast, FDD is 
associated with a 10-nt duplication (TTTAA TTTGT) 
occurring between codons 265 and 266 of the same 
gene. This results in a frame-shift abolishing the normal 
stop codon and also produces an extended precursor 
protein (ADanPP), which, similar to ABriPP, is 277 
amino acids long (121) (Figure 2). 

Proteolytic cleavage of the mutated precursor proteins 
in both FBD and FDD at a potential furin cleavage site 
produces the 34 amino acids long, 4 kDa fragments 
known respectively as ABri and ADan (59) (Figure 2). 
Each peptide has a unique C-terminal sequence composed 
of 12 amino acids, allowing their recognition by specif- 
ic antibodies (119, 121). 

The characteristic features of FBD are amyloid, 
ultrastructurally fibrillar deposits (Figure 4) in the walls 
of blood vessels and in the brain parenchyma, in addi- 



Sporadic and Familial Cerebral Amyloid Angiopathies — Revesz et al 



349 



tion to severe neurofibrillary degeneration. CAA is 
widespread affecting blood vessels in the lep- 
tomeninges and both gray and white matter in almost all 
regions of the CNS, and such blood vessels stain posi- 
tively with an antibody recognizing ABri (Figures 3C, 
6B). ABri is deposited in amyloid or preamyloid con- 
formation around many blood vessels with CAA, thus 
forming perivascular plaques (Figure 6 A-C), a finding 
which is particularly prominent in the cerebellar cortex 
where it is associated with severe cerebellar degenera- 
tion. In addition to CAA, there are abundant parenchy- 
mal amyloid plaques and severe neurofibrillary degen- 
eration occurring primarily in limbic areas and 
including neurofibrillary tangles (NFTs), neuropil 
threads (NTs), and abnormal neurites (ANs) situated in 
relation to amyloid plaques and CAA. Binswanger-type 
white matter degeneration is marked and is thought to be 
a consequence of ischemia due to CAA (97). 

Many of the histological features in FDD, including 
the presence of widespread ADan CAA (Figures 5, 6 D- 
F), are similar to those of FBD, but the differences are 
also remarkable. Among these we found that, in contrast 
to FBD, the numerous hippocampal ADan deposits are 
mostly of pre-amyloid rather than amyloid type. The 
limbic structures also show severe neurofibrillary 
pathology, and as in FBD, ANs are restricted to areas with 
amyloid deposition and are therefore largely associated 
with CAA. In addition to the BRI2 gene-related condi- 
tions, perivascular clustering of argyrophilic and tau- 
immunoreactive abnormal neurites can also occur in 
relation to A p (93, 1 1 8) and prion protein-related CAAs 
(26). Another difference between FDD and FBD is that 
in the former the neocortex is more affected by both 
pre-amyloid peptide deposition and neurofibrillary 
pathology than in FBD. Retinal pathology, including 
severe ADan amyloid angiopathy and parenchymal 
damage, is more severe in FDD than in FBD (48). 

FDD cases, which have been available for examina- 
tion, show a variable amount of A3 peptide deposition 
in blood vessels and in brain parenchyma, which may be 
isolated or combined with ADan (Figures 5C, D and 
6G-I). The mechanism and significance of this co-dep- 
osition of ADan and A3 is uncertain (48). 

In both FBD and FDD a glial response to the pathol- 
ogy can be demonstrated with activated microglia (Fig- 
ure 3H) and astrocytes frequently seen in relation to 
either vascular and parenchymal amyloid deposits, but 
this response is much less prominent in areas where 
peptide deposits are of a pre-amyloid nature (47, 48). As 
has been described in AD (for review, see 2), the vascular 
and parenchymal amyloid lesions in both FBD and 



FDD contain components of the classical complement 
pathway including Clq, C3d, C4d and C5-b9 suggesting 
in situ complement activation, in addition to other amy- 
loid-associated components (Figures 3 and 5). 

Pathomechanism of CAA 

The mechanism of amyloid fibril formation together 
with the origin and tissue specific deposition of amyloid 
peptides, including Ap, in cerebral blood vessels and 
parenchyma are not well-understood. Data from famil- 
ial AD indicate that the primary structure and concen- 
tration of A3 may be critical factors influencing amyloid 
fibril formation and that environmental factors and 
post-translational modification of amino acids may also 
be important (139). Amyloid-associated proteins such as 
ApoE, ApoJ, amyloid P component, heparan sulfate 
proteoglycans, al-antichymotrypsin and vitronectin 
may inhibit or promote amyloid formation (14, 31, 70, 
117) (Figures 1, 3, 5). The presence of activated 
microglia in the vicinity of amyloid- laden lesions 
together with the deposition of complement factors, 
including Clq and C5b-9 in AD-related CAA (Figure 1H) 
(2), as well as FBD and FDD (47, 48) (Figures 3D and 
5H), suggests a contribution of inflammatory mediators 
to the degeneration of vascular cells in CAA (117). 

A number of mechanisms have been proposed to 
explain the origin of A|3 in the clinically most prevalent 
sporadic and AD-related CAAs. These include derivation 
of cerebral A3 from the circulation as sA3 is present in 
the plasma (73, 140). There are in vivo studies suggest- 
ing that there is bidirectional transport of A3 across the 
blood brain barrier (BBB). This process is receptor- 
mediated and several receptors, including RAGE 
(receptor for advanced glycation end-products), SR 
(scavenger receptor), megalin and LRP1 (low density 
lipoprotein receptor 1) have been implicated (72, 107, 
140, 141). This BBB-modulated bidirectional flow of A3 
suggests that the peripheral peptide can influence the 
overall CNS catabolic equilibrium. A3 in CAA may 
also derive from the CSF, as it can be detected there in 
both normal individuals and AD patients (27, 51, 106). 
The arguments against the hematogenous origin of A3 
include that A3 initially deposits in the adventitia, 
which is more consistent with an origin of A3 within the 
CNS itself (129). The pathological observation that 
arteries are affected more frequently by amyloid depo- 
sition than veins in the subarachnoid space, and that 
small arteries show CAA more commonly than larger 
arteries in the same location is used as an argument 
against A3 derived from the CSF as the primary source 
of CAA (129). 



350 



Sporadic and Familial Cerebral Amyloid Angiopathies — Revesz et at 



Vascular Ap may originate from vascular smooth 
muscle cells and/or pericytes (56, 86). A smooth muscle 
cell origin of Ap is seemingly supported by several 
lines of evidence, one of which is morphological show- 
ing a close topographical relationship between Ap dep- 
osition and vascular smooth muscle cells (22, 56, 58, 126, 
131). Vascular smooth muscle cells have also been 
shown to express ApPP mRNA (86), and Ap is able to 
induce its own production in cultured degenerating 
cerebrovascular smooth muscle cells (17). However, 
the presence of amyloid in capillaries suggests that 
smooth muscle cells are unlikely to be the only source 
of Ap in CAA. 

Another hypothesis, supported by recent data from 
morphological observations of human AD brains, pro- 
poses that Ap deposited in the vessel walls is in part or 
entirely of neuronal origin and is transported along 
periarterial interstitial fluid drainage pathways to blood 
vessels (129). In support of this hypothesis is the find- 
ing of typical CAA in transgenic animal models of AD, 
in which neuronal promoters were employed to drive neu- 
ronal expression of mutated human ApPP (1 0, 1 3, 1 1 5). 

With regard to the origin of other peptides deposited 
as CAA, there is indirect evidence to suspect a contri- 
bution from blood-derived amyloid proteins in cystatin 
C, TTR, and gelsolin-related CAAs (7, 6 1 , 9 1 ), as these 
peptides also deposit in peripheral organs. The origin of 
the amyloid peptides, depositing in CNS blood vessels 
and parenchyma in FBD and FDD has yet to be estab- 
lished. One can postulate that ABri and ADan could be 
produced by cellular elements of the CNS as a high 
level of BriPP mRNA is found in normal human brain 
(119). However, systemic deposition of ABri also takes 
place in FBD and elevated levels of ABri are also pres- 
ent in the circulation (no data about this in FDD as yet) 
(29). These findings raise the possibility that peripher- 
al production of this amyloid peptide could be one of the 
sources of the CNS amyloid deposits in FBD and perhaps 
FDD (29). Further studies are required to elucidate 
these questions. 

Conclusions 

CAA has emerged as an important aspect of Ap 
pathology in elderly individuals and patients suffering 
from sporadic or familial AD. CAA can result in a vari- 
ety of cerebral lesions including cerebral hemorrhage of 
which it is a major cause in elderly individuals. A sig- 
nificant aspect of cerebral amyloid deposition is its 
relationship to neurodegeneration, and in this respect, new 
data may emerge from research into novel forms of 
cerebrovascular amyloidoses, including the BRJ2 gene- 



related dementias. These latter conditions mimic 
important pathological aspects of AD in that in addition 
to CAA, parenchymal amyloid plaques in combination 
with neurofibrillary degeneration are also a feature. 
These observations support the notion that different 
amyloid peptides can result in neurofibrillary degener- 
ation further supporting the idea that amyloid peptides 
may be of primary importance in the initiation of the neu- 
rodegenerative process. 
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